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FOREWORD 

T h i s  document i s  submitted i n  accordance w i t h  paragraph (a)  (9) 

of A r t i c l e  1, Statement of Work, t o  C a l i f o r n i a  I n s t i t u t e  of 

Technology Cont rac t  No. 952001, which i s  a subcon t rac t  under 

NASA Cont rac t  NAS7-100. Th i s  document (-1 i s  p a r t  of t h e  

F i n a l  Technical  Report which c o n s i s t s  of t h e  fo l lowing:  

Vol I Summary 

CAPSULE BUS SYSTEM 

Vol 11, Sec t ion  I Capsule Bus 

Vol 11, Sec t ion  I1 Prel iminary  Design f o r  OSE 

Vol 11, Sec t ion  I11 Implementation Plan 

Vol 11, Sec t ion  I V  T e s t  Program 

SURFACE LABORATORY SYSTEM 

Vol 111, Sec t ion  I Surface  Laboratory  

Vol 111, Sec t ion  I1 Prel iminary  Design f o r  OSE 

Vol 111, S e c t i a n  I11 Implementation Plan 

Vol 111, Sec t ion  I V  T e s t  Program 

ENTRY SCIENCE PACKAGE 

__t Vol I V ,  Sec t ion  I Ent ry  Science Package 

Vol I V Y  Sec t ion  I1 Prel iminary  Design f o r  OSE 

Vol I V Y  Sec t ion  I11 Implementation Plan 

Vol I V Y  Sec t ion  I V  T e s t  Program 

Vol I V ,  Sec t ion  V Entry  Science Package 
I n t e r f a c e  s 

Vol v I n t e r f a c e  D e s c r i p t i o n s  

* Vol V I  RTG Report 

* Vol V I 1  A F l i g h t  Capsule w i t h  
RTG f o r  1973 Mission 
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PREFACE 

This volume o f  the Martin Marietta Corpora t ion 's  Voyager Capsule Systems 

F i n a l  Report provides  the  r e s u l t s  of the  En t ry  Science Package p re l iminary  

des ign  s t u d i e s .  I n  the  performance of t h i s  Phase B s tudy  e f f o r t ,  Martin 

Mar ie t t a  was a s s i s t e d  by RCA As t ro- Elec t ron ics  Div i s ion  i n  the  communications 

subsystem a r ea ,  and by the  fo l lowing group of c o n s u l t a n t s  i n  the  En t ry  

Science a rea .  

n 

I n s t i t u t e  f o r  Aerospace Science 
Univers i ty  of Toronto (J.H. deleeuw, 

J . B .  French) 

Corne l l  Aeronaut ica l  Laboratory,  Inc.  
(Vidal ,  P. Marrone) 

High A l t i t u d e  Engineering Laboratory 
Dept. of Aerospace Engineering 
Univers i ty  of Michigan (L. Jones ,  

E. Schaefer)  

F i e l d s  of S p e c i a l t y  

Free Molecular Flows and Molecular 

") Beams 

Hypersonic and Supersonic Flow 

High A1 t i t u d e  Atmospheric 
S t r u c t u r e  and Measurements 

This volume c o n s i s t s  of f i v e  s e c t i o n s :  Sect ion I, Ent ry  Science Package; 

Sect ion 11, Prel iminary  Design f o r  OSE; Sect ion 111, Implementation Plan, 

Sect ion I V ,  Tes t  Program; and Sect ion V, I n t e r f a c e s .  

MA R I I N  MA RIE-A CORPORA r IO N 
D E N V E R  DIV I S 1  O N  
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1. MISSION CONCEPTS AND OBJECTIVES 

Objec t ives  of  t h e  Ent ry  Science Package were formulated from t h e  t h r e e  obser-  

v a t i o n  classes l i s t e d  i n  t h e  1973 Voyager C a p s u l e  Systems Cons t r a in t s  and Require- 

ments Document (Ref 1). 

1.1 Atmospheric S t r u c t u r e  

The Mart ian atmosphere i s  e s s e n t i a l l y  desc r ibed  by t h e  t h r e e  p r i n c i p a l  pa ram-  

e t e r s :  p r e s s u r e  (P), tempera ture  (T), and mass d e n s i t y  ( p ) ,  def ined  f o r  any a l -  

t i t u d e  above t h e  p l a n e t ' s  su r f ace .  Ambient atmospheric dens i ty ,  p r e s s u r e ,  and t e m -  

pe ra tu re ,  and t h e  a l t i t u d e s  which t h e s e  ambient cond i t ions  occur,  w i l l  provide d a t a  

t o  c o n s t r u c t  p r o f i l e s  of t h e  s t r u c t u r a l  parameters. Observing t h e s e  w i t h  c r e d i b l e  

accuracy i s  a primary o b j e c t i v e  of t h e  e n t r y  experiment .  

For c l o s e r  engineer ing  d e f i n i t i o n  of t h e  atmosphere as i t  a f f e c t s  t h e  design 

and performance of f u t u r e  Mars capsu le s ,  p re s su re ,  tempera ture ,  and d e n s i t y  measure- 

ments m u s t  b e  dependable and r e l i a b l e  whi le  extreme accuracy i s  no t  paramount. The 

d e n s i t y  p r o f i l e ,  t h e  most important  q u a n t i t y  f o r  engineer ing  design,  i s ,  f o r t u n a t e -  

l y ,  t h e  most r e a d i l y  a c c e s s i b l e .  Because most of t h e  e n t r y  occurs  a t  h igh  speed, 

p r e s s u r e  and temperature have l i t t l e  e f f e c t  on i t .  The importance of t h e  d e n s i t y  

p r o f i l e  t o  both engineer ing  and sc i ence  makes redundant techniques  and backup modes 

e s s e n t i a l .  

To d e f i n e  t h e  atmosphere s c i e n t i f i c a l l y ,  a broader  spectrum of measurement i s  

d e s i r e d .  For t h i s ,  ref inement  o r  e l a b o r a t i o n  of i n s t rumen ta t ion  might be more s i g -  

n i f i c a n t  than  a redundant o r  backup mode measurement. However, f o r  t h e  f i r s t  f l i g h t s ,  

emphasis i s  placed on t h e  engineer ing  o b j e c t i v e ,  p a r t i c u l a r l y  i n  ob ta in ing  an a l t i -  

tude  d e n s i t y  p r o f i l e  of t h e  Mart ian atmosphere. 

1 . 2  Atmosphere Composition 

Atmospheric composition i s  mainly of s c i e n t i f i c  i n t e r e s t .  Measurement of mean 

molecular  weight y i e l d s  temperature from d e n s i t y  and p res su re  by t h e  gene ra l  gas  

l a w .  To understand the  Mart ian atmosphere, r e l a t i v e  concen t ra t ion  of major and 

minor c o n s t i t u e n t s  of t h e  atmosphere m u s t  be found. Minor components can have d i s -  

p ropor t iona te  e f f e c t s  on s o l a r  energy absorp t ion ,  and can  o f f e r  i n s i g h t  i n t o  t h e  

p l a n e t ' s  phys ica l  na ture ,  h i s t o r y ,  and exob io log ica l  environment. 

1 . 3  Surface  Imaging 

The o v e r a l l  Voyager philosophy i s  t o  sea rch  f o r  l i f e  by t h e  most gene ra l  means 

on e a r l y  miss ions  and l a t e r  t o  r e f i n e  t h e s e  i n  more s p e c i a l i z e d  exper iments ,  Tel-  

e v i s i o n  imaging i s  t h e  primary s c i e n t i f i c  experiment.  Deta i l  p i c t u r e s  taken dur ing  

e n t r y  might g ive  pe r spec t ives  unava i l ab le  from t h e  landed camera, p a r t i c u l a r l y  i E  
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t h e  morphology shows s i g n i f i c a n t  s t r u c t u r e  i n  t h e  v e r t i c a l  view, which i s  unobtain-  

a b l e  from t h e  Surface  Laboratory  System (SLS), o r  i n  t h e  l i m i t e d  r e s o l u t i o n  of t h e  

o r b i t e r  camera. Morever, i n  t h e  event t h a t  t h e  capsule  lands  i n  a trough o r  depres-  

s i o n  as did  Surveyor 111, t h e  landed camera may be obs t ruc ted  from i n t e r e s t i n g  f e a -  

t u r e s  nearby which could  on ly  have been seen i n  h igh  r e s o l u t i o n  by t h e  e n t r y  camera. 

Such p i c t u r e s  might guide a mobile Surface  Laboratory  System t o  an i n t e r e s t i n g  a r e a  

i n  l a t e r  miss ions .  

From an engineer ing po in t  of view, i f  a landing f a i l u r e  occurs  due t o  environ-  

ment, such as a l o c a l  boulder ,  t h e  e n t r y  p i c t u r e s  w i l l  supply c r u c i a l  evidence of 

t h e  Landing a r e a  s i t u a t i o n ,  evidence not o b t a i n a b l e  from t h e  o r b i t e r ,  

1 . 4  Mission P r o f i l e  

Data t o  achieve t h e  preceding o b j e c t i v e s  w i l l  be obta ined as t h e  F l i g h t  Capsule 

passes  through Martian atmosphere be fore  l and ing .  

from 800,000 f t  above t h e  s u r f a c e  t o  touchdown. 

The measurements w i l l  be taken 

The F l i g h t  Capsule (F/C) miss ion p r o f i l e ,  as seen i n  Fig .  1.4-1, inc ludes  a 

pass ive  phase (events  1 t h r u  9 ) ,  and an a c t i v e  phase (events  10 thru 14). The 

r e f e r e n c e  miss ion p r o f i l e  has  t h e  t r a n s i t  and o r b i t  c h a r a c t e r i s t i c s  l i s t e d  i n  Ta- 

b l e  1.4-1. The launch d a t e ,  J u l y  27, 1973, i s  t h e  beginning of a 30-day launch 

window, whi le  t h e  encounter  d a t e ,  February 22, 1974, i s  t h e  median p o s s i b l e  encoun- 

t e r  d a t e .  

The d e s i r e d  p e r i a p s i s  a l t i t u d e  i s  1300 km (apoapsis  of 11,500 t o  13,500 km r e -  

qu i red  f o r  landing s i t e  a c q u i s i t i o n ) .  The o r b i t  i n c l i n a t i o n ,  f o r  i l l u s t r a t i v e  

purposes, i s  40 deg wi th  i t s  ascending node near  t h e  evening t e rmina to r .  The land-  

ing  s i t e  i s  a t  159 deg e a s t  long i tude ,  37 deg south  l a t i t u d e ,  a t  t h e  edge of Mare 

C i m m e r i u m ,  c o n s i s t e n t  wi th  Goldstone Deep Space Ins t rumenta t ion  F a c i l i t y  (DSIF) 

v i s i b i l i t y  a t  o r b i t  i n s e r t i o n .  No p e r i a p s i s  s h i f t  i s  requ i red  a t  o r b i t  i n s e r t i o n .  

The F l i g h t  Capsule s e p a r a t i o n  from t h e  Spacecra f t  occurs  dur ing o r b i t  1 2 .  A 

s e p a r a t i o n  i m p u l s e ,  1 f p s ,  i s  followed by a 30-min c o a s t  t o  al low s u f f i c i e n t  c l e a r -  

ance between t h e  F l i g h t  Capsule and Spacecra f t  a t  d e o r b i t .  During t h i s  t i m e ,  t h e  

Capsule Bus i s  r e o r i e n t e d  from t h e  Sun-Canopus t o  t h e  d e o r b i t  a t t i t u d e .  A nominal 

d e o r b i t  i m p u l s e ,  185 m/sec, i s  requ i red  t o  p u t  t h e  C a p s u l e  Bus on t h e  d e s i r e d  de- 

s c e n t  t r a j e c t o r y .  The d e s c e n t - t r a j e c t o r y  p r o f i l e ,  showing t h e  F l i g h t  Capsule t o  

Spacecra f t  r e l a t i v e  p o s i t i o n s ,  i s  shown i n  Fig .  1 .4- 2.  A favorab le  r e l a y  communi- 

c a t i o n  l i n k  i s  maintained from s e p a r a t i o n  t o  9 t o  1 3  min a f t e r  touchdown (funct ion 

of encountered atmosphere),  Entry  (event 13) begins  a t  800,000 f t .  \I 
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@ Ascent i n t o  E a r t h  Parking O r b i t  

@ Coast  i n  E a r t h  Parking Orb i t  

@ Trans-Mars I n j e c t i o n  

@ I n t e r p l a n e t a r y  c r u i s e  

@ F i r s t  Midcourse C o r r e c t i o n  and Encounter  

@ Second Midcourse C o r r e c t i o n  

@ Mars O r b i t  I n s e r t i o n  

@ Orbi t  Coast 

@ O r b i t  Trim Maneuver 

@ Capsule S e p a r a t i o n  and O r i e n t a t i o n  

@ Deorbi t  

@ Capsule Coast  and R e o r i e n t a t i o n  

@ Ent ry  

@ Touchdown 

Time Bias ing  

f o r  Deorb i t  

f o r  Ent ry  

m /- I n i t i a l  O r b i t  

F i g .  1.4-1 Capsule Bus System Mission P r o f i l e  
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l:15p, 0 12 Coast 

\ \  
h 
1.4 

h = 1300 km 
P 1 

hA = 12,500 k m  

B = 25 deg; A, = -10 deg 
AVD = 185 mfsec 

yE = -13.5 
VE = 4.27 kmfsee 

L 

Fig .  1.4-2 Reference  Mission P r o f i l e ,  Separa t ion  t o  End of  I n i t i a l  Post-Land Relay Link 

"4 
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P e r i a p s i s  a l t i t u d e  

Apoapsis a l t i t u d e  

\ 

" i  
I 

1300 km 

12,500 km 

an AMR s i g n a l  w i t h  t imer  backup. The t e rmina l  descen t  and landing r a d a r  (TDLR) 

i s  turned on 5 sec a f t e r  a e r o s h e l l  s e p a r a t i o n .  At t h i s  time, t h e  a e r o s h e l l  w i l l  

be more than 100 f t  from the  landing module. Vernier  motor i g n i t i o n  i s  t r i g g e r e d  

on an a l t i t u d e - v e l o c i t y  contour by the  TDLR. The parachute  i s  r e l e a s e d  3 sec  

l a t e r .  The v e r n i e r  motors,  commanded by t h e  TDLR, w i l l  c ance l  any accumulated 

wind d r i f t  and b r i n g  t h e  landing module t o  a nominal f l i g h t  c o n d i t i o n  a t  a 1 0 - f t  

a l t i t u d e  and a 10-fps  v e r t i c a l  v e l o c i t y .  A t  t h i s  p o i n t ,  t h e  v e r n i e r  motors are  

shu t  down and t h e  l and ing  module allowed t o  f r e e - f a l l  t o  t h e  su r face .  

'j 

Figure  1 .4-5 f u r t h e r  i l l u s t r a t e s  the  e n t r y  and t e rmina l  descen t  p r o f i l e  f o r  

two atmosphere extremes,  VM-8 and VM-10. The two sets  of numbers on the  f i g u r e  

i l l u s t r a t e s  the  time v a r i a t i o n s  between t h e  two atmospheres t h a t  correspond t o  

the  event-based sequence shown. 

More d e t a i l s  on p o s s i b l e  descen t  t r a j e c t o r i e s  a r e  found i n  Volume 11. 
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0 2 4 6 8 10 12 14 

Relative Velocity (lo3 fps) 

Fig.1.4-3 Typical Entry Trajectory 
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Note: A l t i t u d e  shown is  above t e r r a i n  h e i g h t .  - 
1. w - 2  
2 .  V = 14,266 f p s  

e, L 
3 .  Ye = -13.65 

i 
4.  B = 0.20 

T i m e s  from e n t r y  a t  800,000 f t  

R e l a t i v e  Ve loc i ty  (fps) 

Fig .  1.4-4 Terminal Phase of Entry  T r a j e c t o r y  
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2. ENTRY SCIENCE PACKAGE SYSTEM 
2 . 1  Requirements and Constraints 

Table 2.1-1 lists the Entry Science Package (ESP) requirements and constraints. 

These requirements are of function and performance. The ESP is designed to make 

atmospheric and surface imaging measurements and transmit the data as independent- 

ly as practical. These functions are implemented to satisfy the accuracy and op-  

erating-period requirements which must be satisfied within the design, reliabili- 

ty, sterilization, contamination, weight, and development constraints. 
Table 2.1-1 Entry Science Package Requirements and Constraints 

Requirements 

Functional 
est: Thorough test capability be- 

fore launch 

load and support equipment 
as independent as practical 

quipment: Comprises entry science pay- 

xperiment: Perform all entry science 

lata: Transmit all entry science 
measurements 

data 

Performance 

Data: Transmit at least 5 x lo6 
bits of science data dur- 
ing entry and descent 

Operational Operate from 800,000 ft to 
Period: landing during entry and 

descent trajectories 

2-1 

Constraints 
Design : Standardize design of equipment 

and procedures for a number of 
missions to the maximum extent 
practical ; anticipate changes, 
including deletion and simplic- 
ity in design approach and prac- 
tices 

cause catastrophy on the mission 
and independent backup for every 
critical event 

Sterilization: Undergo heat sterilization and 
encapsulation before launch 

Contamination: Contamination probability 5 LOe3 
Weight: Contain at least 45 lb of sci- 

ence instrument support equip- 
ment utilizing allocation as- 
signed Surface Laboratory and 
be constrained as necessary to 
provide a Flight Capsule weight 
of 5000 lb for 1973 

Reliability: No potential single failure to 

Environment: Withstand Voyager mission en- 
vironment in nonoperating and 
operating modes 
(See Appendix A for detailed 
environmental requirements) 
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2 .2  P r e f e r r e d  Pre l iminary  Design 

The p r e f e r r e d  p re l iminary  des ign  of t h e  Entry  Science Package i s  summarized 

i n  t h e  fo l lowing paragraphs wi th  t h e  ESP subsystems and g e n e r a l  i n t e r f a c e s  shown 

i n  Figure  2 .2- 1 .  

paragraph 3 .  

2 . 2 . 1  System D e f i n i t i o n  and Funct ion 

Details  and suppor t ing  r a t i o n a l e  o f  t h e  p r e f e r r e d  d e s i g n  are i n  

The Entry  Science Package c o n f i g u r a t i o n  (Fig.  2.2-1) c o n s i s t s  of seven subsys-  

tems. 

S t r u c t u r e s  and Mechanisms - The s t r u c t u r e s  and mechanisms subsystem provides 

mounting s t r u c t u r e s ,  proper l o c a t i o n s ,  p o i n t i n g  o r i e n t a t i o n ,  f i e l d s  of view, and 

deployment devices  f o r  a l l  ESP equipment. 

Thermal Cont ro l  - The thermal c o n t r o l  subsystem i s  composed of h e a t e r s  and i n-  

s u l a t i o n ,  and f u n c t i o n a l l y  a s s u r e s  proper o p e r a t i n g  and nonoperating thermal en- 

vironment dur ing a l l  miss ion  phases by e s t a b l i s h i n g  thermal i n s u l a t i o n  and/or 

h e a t e r  requirements .  

En t ry  Science Subsystem - The e n t r y  sc ience  subsystem c o n t a i n s  s c i e n t i f i c  i n -  

s t ruments  and t h e  s c i e n c e  d a t a  subsystem. The subsystem measures capsule  a c c e l e r -  

a t i o n ,  atmospheric composition ( inc lud ing  humidi ty) ,  p ressure ,  temperature ,  and 

images t h e  s u r f a c e  dur ing  e n t r y  t o  l and ing .  Before s t a g i n g  from t h e  a e r o s h e l l ;  .j 
pressure ,  temperature ,  m a s s  spect rometer ,  and t e l e v i s i o n  camera ins t ruments  l o -  

c a t e d  i n  t h e  a e r o s h e l l  apex c o l l e c t  e n t r y  d a t a .  Af te r  s t a g i n g ;  p ressure ,  temper- 

a t u r e ,  humidity, spect rometer ,  and t e l e v i s i o n  camera ins t ruments  l o c a t e d  i n  a Cap- 

s u l e  Bus equipment module c o l l e c t  t e rmina l  descent  d a t a .  An acceleromter  t r i a d  

l o c a t e d  near  t h e  Capsule Bus c e n t e r  of g r a v i t y  acqu i res  d a t a  from e n t r y  landing 

t o  enable  a n a l y t i c  de te rmina t ion  of atmospheric d e n s i t y .  

s i g n a l  cond i t ion ing ,  and sc ience  d a t a  subsystem (SDS) u n i t s  are l o c a t e d  i n  t h e  Cap-  

s u l e  Bus (C/B) equipment module. The SDS c o n t r o l s  t h e  primary ins t rument  sequence 

of e v e n t s ,  i s s u e s  d i s c r e t e s  t o  swi tch  power and i n i t i a t e  squ ib  f i r i n g  s i g n a l s ,  and 

c o l l e c t s ,  c o n d i t i o n s ,  and formats d a t a  f o r  communications subsystem acceptance .  

The SDS a l s o  provides d a t a  s t o r a g e  f o r  non-TV d a t a  t o  enab le  e f f i c i e n t  u s e  of t h e  

d a t a  t r ansmiss ion  l i n k s .  

T e l e v i s i o n  e l e c t r o n i c s ,  

Communications - The communications subsystem i s  composed of UHF r e l a y  t r a n s -  

m i t t e r s ,  coup le r ,  and antenna.  The subsystem accep t s  two s e p a r a t e  output  d a t a  

channels  from t h e  SDS f o r  redundant t r ansmiss ion  over two u l t r a  h igh frequency 

(UHF) t r a n s m i t t e r  l i n k s  t o  Spacecraft-mounted suppor t  equipment. The t r a n s m i t t e r  

o u t p u t s  a r e  coupled t o  a s i n g l e  antenna.  
i 
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Power - The power subsystem i s  def ined by load c o n t r o l  and diode i s o l a t i o n ,  

This  subsystem d i s t r i b u t e s  equipment b a t t e r y  power from t h e  C a p s u l e  Bus t o  all 
ESP elements upon command from t h e  SDS sequencer- timer and provides load  i s o l a t i o n ,  

Pyrotechnic  - Safe/arm modules, c u r r e n t  l im i t e r  assembl ies ,  squ ibs ,  and squ ib  

f i r i n g  c i r c u i t s  compose t h e  pyrotechnic  subsystem. The subsystem c o n t r o l s  ord-  

nance b a t t e r y  power from t h e  C a p s u l e  Bus t o  f i r e  a l l  squ ibs  when t h e  SDS-ST issues 

arm, f i r e ,  and s a f e  s i g n a l s .  

Cab l ing  - The c a b l i n g  subsystem i s  made up of a l l  t h e  in tersubsystem c a b l i n g .  

T o t a l  weight of t h e  ESP i s  142.2 l b .  This weight i n c l u d e s  a l l  ins t ruments ,  

e l e c t r o n i c s ,  probes and deployment dev ices ,  power and thermal c o n t r o l  devices ,  

s t r u c t u r e s  and c a b l i n g ,  pyrotechnic  devices ,  and t h e  communications subsystem. 

T o t a l  volume of t h e  package i s  approximately 5 .8  cu f t .  The m a j o r i t y  of t h e  ESP 

i s  l o c a t e d  i n  a s i n g l e  volume i n  a bay o u t s i d e  t h e  c e n t r a l  hexagon. However, f o r  

o p e r a t i o n a l  requirements ,  f o u r  elements are mounted on o r  nea r  t h e  apex window and 

t h e  accelerometers  a r e  mounted n e a r  t h e  Capsule c e n t e r  of g r a v i t y .  The communica- 

t i o n s  subsystem antenna i s  l o c a t e d  t o  one s i d e  of the  main package. E l e c t r i c a l  

Cab1 ing 

T o t a l  

1 2 . 1  

142.2 

3 
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STANDBY SIGNAL 

S+02:50:32 S +O 2 : 50 : 48 
e e e 

INITIATE NKT INITIAl¶ CALIB INITIATB CALIB 

S+O2 : 5 1 : 04  

VM 1.10 .9 .7  ESP SDS VM 1 . 1 0 . 9 . 3  ESP SDS VM 1.10 .9 .5  ESP SDS 

ENTRY 

5+02:52:12 
e 

VM 1 . 1 1 . 4 . 1  HSP SDS 

INITIATB STANDBY 

ENTRY SCIENCE 
PACKAGE 

FOEHAT A DATA SIGNAL To PRESS, COMPLETE SIGNAL * COLLBCTIM AND - TuKP,&AccEL - TO PRESS, T E M P &  - 
STOBllOg SENSOBS ACCEL SENSORS 

SIGNAL To Fl 
UNITS 

- - r 

CY0 STD 

* NRT PO%NAT A DATA 
COLLECTION 6 
STORAGE 

VM 1.10 .9 .4  ESP SDS VH 1.10 .9 .6  HSP SDS 
CONTm ENTRY MASS 

W I L  RELAY RULNS- 
MSSIM SEg SAP3 

INITIATE m m  SPECPBDMBTER SEg 

OPEBBTION m m m  - lass SPE- 

CALIB COMPLETE SIG- 
NAL TO PRESS. TBMP 
h ACCEL SENSORS 

+ 

STAGE AEROSHELL 

VM 1.12.15.4 ESP S 

PIP3 TDL W S  
S E ’ E C T R O ~ R  
PYBDTECBMCS 

S+O2 : 56 : 21.4 +, 
INITIATE PRAMB 
START SIGNAL PO8 
ENTRY 171 CAUUBA 

h lllANsMTTTAL OP 
S T O W E  DATA 

E . 1 5  C q  

SEND INITIATE 
TD&L SEQUENCP. I TO ESP 

S+O 2 : 56 : 23.4 

STORAGE PLAYCUT h 
Tv CYCLE TO 
AERCSHELL STAGING 

INITIATE READOUT 
h WSMTTAL OF 
FIRST Tv TMAGE 

TOGL SEQUENCE 

S+O2 : 57 : 30 

Vn 1 . 1 2 . 1 5 . 1 1 S P  SD! 

INITIATE FRAMB 
STAm SIGNAL TO 

I 

INITIATE NUT 
FORMAT C DATA 
COLLECTION h 

HASS SPXCTRo#aTBR 
PYBOTBCMIIC CIRCU] 

Fig. 2.2-2 Entry Science Package Mission Functional Sequence (1 of 2) 
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VERNIER OFF 
15+02: 58 : 5 4 )  

POST LWDING OUT & TBANSHITTBI. 
SEQUENCE COEIWUU) To ESP 

24-1 

I REPEAT DATA 
s l u m  PLAYOUT & 
Ty CYCLE Tu POST NSMITUL OF 

W DATA I N M G  CALIB 

I I- VM 1.13.3.1 ESP SDS 

INITIATE RBADOUT 
& W S M T T A L  OF . 
SDS STuUGE DATA 

CI0  STD 

VM 1.13.3.4 ESP SDS 

INITIATE F W  
START SIGNAL Tu 

INITIA7Z CALIB 
SIGNAL TO TD5& 

SIGNAL To PRBSS, 
TEMP, ACCEL, & 

Fig. 2.2-2 Entry Science Package Mission Functional SeWenCe (COnCl) 
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A t  e n t r y  (TM), nonreal  time (NRT) Format A d a t a  c o l l e c t i o n  and s t o r a g e  a t  200 
b i t s / s e c  i s  i n i t i a t e d .  Accelerometer, s t a g n a t i o n  p ressure ,  t o t a l  temperature ,  and 

mass spect rometer  d a t a  a r e  acquired i n  a ze ro  g, vacuum environment t o  p e r m i t  i n -  
strument check. A t  T+16 s e c ,  a c a l i b r a t i o n  s i g n a l  i s  i s sued  t o  t h e  ins t ruments  

and c a l i b r a t i o n  d a t a  are c o l l e c t e d  and s t o r e d  f o r  16 sec. The c a l i b r a t i o n  signal 

is  then  removed and experiment d a t a  c o l l e c t i o n  and s t o r a g e  resumed, 

i 

A t  T+100 sec ,  t h e  t e l e v i s i o n  u n i t s  are placed i n  t h e  standby mode. A t  3000 

f p s  [ i n e r t i a l  v e l o c i t y  as sensed by t h e  guidance and c o n t r o l  (G&C) subsystem], a 

s i g n a l  i s  i s sued  by the  C a p s u l e  Bus sequencer- timer decoder (STD) t o  i n i t i a t e  t h e  

r e l a y  t r ansmiss ion  sequence. The r e l a y  t r a n s m i t t e r s  a r e  turned on and NRT Format 

B d a t a  c o l l e c t i o n  and s t o r a g e  are i n i t i a t e d .  

An ordnance f i r i n g  sequence i s  i n i t i a t e d  t o  deploy t h e  e n t r y  TV camera and 

temperature probe cover .  The s c i e n c e  d a t a  subsystem (SDS) s t o r a g e  u n i t  i s  read 

out  over  each t r ansmiss ion  l i n k  f o r  a 2-sec per iod whi le  t h e  e n t r y  t e l e v i s i o n  cam- 

e r a  v id icon  i s  being prepared and exposed. The v id icon  i s  then read out  over each 

t r ansmiss ion  l i n k  f o r  an 8 .4- sec  per iod whi le  NRT Format B d a t a  are s t o r e d .  

sequence of a l t e r n a t e  SDS s t o r a g e  u n i t  and TV v id icon  readout con t inues  u n t i l  aero-  

s h e l l  s t a g i n g .  

This 

) A t  a e r o s h e l l  s t a g i n g ,  as sensed by a c t u a l  s e p a r a t i o n  of the  C a p s u l e  Bus aero-  

s h e l l  d isconnect ,  NRT Format C d a t a  c o l l e c t i o n  and s t o r a g e  are i n i t i a t e d .  An ord-  

nance f i r i n g  sequence i s  i n i t i a t e d  t o  a c t i v a t e  and c a l i b r a t e  t h e  e n t r y  mass spec- 

t rometer  ins t rument .  

ing  v id icon  readout  con t inues .  

The sequence f o r  d a t a  s t o r a g e  and t e rmina l  descent  and land-  

A t  a 4500- ft  a l t i t u d e ,  as sensed by t h e  C a p s u l e  Bus t e rmina l  descent  and land-  

ing  radar  (TDLR), t h e  sequence i s  reset t o  ensure  exposure of t h e  v id icon  a t  abou t  

a 4000- ft  a l t i t u d e  and before  v e r n i e r  f i r e  ( t o  r e a l i z e  TV t e rmina l  r e s o l u t i o n  ob- 

j e c t i v e ) .  

A t  v e r n i e r  shutdown, a s i g n a l  from t h e  C a p s u l e  Bus-STD i n i t i a t e s  t h e  pos t -  

landing sequence, which enab les  a c q u i s i t i o n  and t r ansmiss ion  of experiment d a t a  f o r  

58 sec  a f t e r  landing and a c q u i s i t i o n  and t r ansmiss ion  of c a l i b r a t i o n  d a t a  f o r  a 

60-sec per iod u n t i l  Entry  Science  Package (ESP) shutdown, The Capsule Bus-STD 

s h u t s  t h e  ESP down when it removes t h e  power. 

Backup d i s c r e t e  s i g n a l s  a r e  provided f o r  a l l  even t s  except where c o r r e l a t i o n  

with complex sequence c o n t r o l  l o g i c  i s  i m p r a c t i c a l .  

s i g n a l s  from t h e  Capsule Bus-STD can be updated be fore  F l i g h t  Capsule s e p a r a t i o n  

A l l  primary t i m e  r e f e r e n c e  

\ 
#+> from t h e  Spacecra f t .  
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2.2 .3  S t r u c t u r e s  and Mechanisms 

The Entry Science Package (ESP) i s  conta ined i n  two modules, one l o c a t e d  on 

t h e  C a p s u l e  Bus v e r n i e r  t r u s s  and t h e  second l o c a t e d  i n  t h e  a e r o s h e l l  apex ( s e e  

ske tch ,  page 2-11). 

The a e r o s h e l l  mounted ins t ruments  are a t o t a l  temperature  sensor ,  s t a g n a t i o n  

p ressure  sensor ,  s t a g n a t i o n  p r e s s u r e  t r a n s d u c e r ,  e n t r y  quadrupole mass spectrom- 

e t e r ,  and an 18 deg f i e ld- of- v iew t e l e v i s i o n  camera. The s i g n a l  cond i t ion ing  u n i t  

c o n t a i n s  t h e  e l e c t r o n i c s  f o r  t h e  t o t a l  temperature  and s t a g n a t i o n  p ressure  s e n s o r s .  

The m a j o r i t y  of e l e c t r o n i c s  f o r  t h e  a e r o s h e l l  t e l e v i s i o n  camera a r e  l o c a t e d  i n  t h e  

ins t rument  e l e c t r o n i c s  u n i t  on t h e  main s t r u c t u r e .  A c a b l e  connects  t h e  a e r o s h e l l  

ins t ruments  t o  an ordnance a c t u a t e d  s e p a r a t i o n  plug l o c a t e d  on t h e  C a p s u l e  Bus 

near  t h e  Entry Science  Package main bulk .  

A l l  o the r  ESP equipment, except  t h e  accelerometer  t r i a d  head which i s  mounted 

near  t h e  e n t r y  v e h i c l e  c e n t e r  of g r a v i t y ,  i s  l o c a t e d  i n  one of t h e  bays o u t s i d e  

t h e  main Capsule Bus s t r u c t u r e .  Probes f o r  a l l  ins t ruments  of t h i s  group r e q u i r -  

ing  them a r e  a t t a c h e d  t o  a common mount, The ins t rument  e l e c t r o n i c s  u n i t ,  a s i n -  

g l e  package, c o n t a i n s  most of t h e  e l e c t r o n i c s  f o r  t h e  t o t a l  temperature sensor ,  

humidity sensor ,  accelerometer  t r i a d ,  and t e l e v i s i o n  camera u n i t s  and a l s o  i n c l u d e s  

t h e  complete s c i e n c e  d a t a  subsystem c o n t r o l  and s t o r a g e  u n i t s .  The two u l t r a  h igh  

frequency (UHF) t r a n s m i t t e r s  and t h e  antenna coup le r  are l o c a t e d  i n  a s i n g l e  pack- 

age between t h e  antenna and main s t r u c t u r e  of t h e  Capsule Bus as  i s  t h e  power sub- 

system, 

2 .2 .4  Thermal Control  

1 

The thermal c o n t r o l  elements i n c l u d e  h e a t e r s  and i n s u l a t i o n  f o r  temperature  

c o n t r o l  of t h e  En t ry  Science Package dur ing t h e  c r u i s e ,  d e o r b i t ,  and e n t r y  phases 

of t h e  miss ion.  The h e a t e r  power requ i red  be fore  s e p a r a t i o n  is  supp l ied  from t h e  

Spacecra f t  and r e g u l a t e d  i n  t h e  Capsule Bus .  Af te r  s e p a r a t i o n ,  t h e  Capsule Bus 

s u p p l i e s  t h i s  power. The i n s u l a t i o n  enc loses  each module as a u n i t ,  wi th  i n t e r n a l  

components c l o s e l y  coupled.  The i n s u l a t i o n  around t h e  equipment package i n  t h e  

Capsule Bus landing s t a g e  c o n s i s t s  of 118 inch of SLA 651 and two l a y e r s  of gold-  

p l a t e d  Mylar s h e e t  separa ted  by s i l k .  The a e r o s h e l l  mounted equipment i s  i n s u l a t e d  

by 10 l a y e r s  of go ld- p la ted  Mylar wi th  s i l k  s e p a r a t o r s .  Both modules c o n t a i n  wi re  

mesh h e a t e r s  c o n t r o l l e d  by s e r i e s - p a r a l l e l ,  b i m e t a l l i c  t h e r m o s t a t s ,  
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2.2.5 Ent ry  Science  Subsystem 

The e n t r y  s c i e n c e  subsystem c o n s i s t s  of two sets of atmospheric  sens ing  and 

v i s u a l  imaging ins t ruments ,  and t h e  sc i ence  d a t a  subsystem (SDS). 

One instrument  s e t ,  c o n s i s t i n g  of a t e l e v i s i o n  camera, a mass spec t rometer ,  

a t o t a l  temperature sensor ,  and two s t a g n a t i o n  p res su re  measuring devices ,  a r e  

l o c a t e d  on t h e  a e r o s h e l l  and used t o  o b t a i n  d a t a  dur ing  t h e  e n t r y  phase. A q u a r t z  

window loca ted  i n  t h e  a e r o s h e l l  nose enables  t e l e v i s i o n  p i c t u r e s  t o  be taken  with-  

i n  a 50 K f t  minimum range u n t i l  a e r o s h e l l  s t a g i n g .  This  camera uses  e l e c t r o n i c s  

l o c a t e d  on t h e  main Capsule Bus s t r u c t u r e .  Atmospheric s a m p l e s  may be obta ined  

through t h e  i n l e t  p o r t s  nea r  t h e  apex throughout  t h e  e n t r y  phase. The temperature 

probe i s  exposed and a c t i v a t e d  a t  3000 f p s .  Th i s  set  of i n s t r u m e n t s - i s  s epa ra t ed  

wi th  t h e  a e r o s h e l l .  

A t  a e r o s h e l l  s t a g i n g  (-14k f t ) ,  a t e l e v i s i o n  camera, mass spec t rometer ,  humid- 

i t y  s enso r ,  t o t a l  p re s su re  sensor ,  and t o t a l  temperature senso r  are a c t i v a t e d  t o  

o b t a i n  s c i e n t i f i c  d a t a  u n t i l  l anding .  These ins t ruments  are loca t ed  on t h e  main 

Capsule Bus s t r u c t u r e .  Also l o c a t e d  on t h e  Capsule Bus i s  an accelerometer  t r i a d  

opera ted  throughout t h e  e n t r y  and t e rmina l  descent  and landing  (TDL) phase t o  

measure d e c e l e r a t i o n  f o r  determining t h e  atmospheric d e n s i t y  p r o f i l e .  

The Entry Science Package SDS performs t h e  t e l eme t ry  and i n t e r n a l  sequencing 

f u n c t i o n s  f o r  t h e  t o t a l  ESP. I n i t i a t i o n  and o t h e r  s u r f a c e  (o r  atmosphere) r e f e r -  

enced events  are  rece ived  from t h e  Capsule Bus as w e l l  as backup s i g n a l s  f o r  c r i t -  

i c a l ,  timed even t s .  The SDS then  sequences experiments ,  d a t a  modes, and communi- 

c a t i o n s  as r equ i r ed .  The t e l eme t ry  func t ions  performed by t h e  SDS inc lude  s i g n a l  

cond i t ion ing ,  mu l t ip l ex ing ,  and encoding a l l  engineer ing  and sc i ence  d a t a  i n t o  

dual  redundant d a t a  s treams f o r  t r ansmiss ion  t o  t h e  communications subsystem. The 

d a t a  rate  f o r  each l i n k  i s  50 k b i t s l s e c .  Atmospheric s t r u c t u r e  and composition 

d a t a  acqui red  be fo re  a c t i v a t i n g  t h e  communications l i n k  are s t o r e d  i n  a lOOk b i t  

s t a t i c  s to rage  f o r  t r ansmiss ion  a f t e r  b lackout .  Atmospheric s t r u c t u r e  d a t a  ob- 

t a i n e d  before  t h i s  event  are a l s o  redundant ly  t r a n s m i t t e d  real- time over  t h e  Cap-  

s u l e  Bus communication l i n k s .  

2 .2 .6  Communications 

The communications subsystem c o n s i s t s  of two UHF t r a n s m i t t e r s ,  an antenna 

coup le r ,  and an antenna. 

f r equenc ie s  about  400 MHz. 

The s o l i d  s t a t e  30 w t r a n s m i t t e r s  o p e r a t e  a t  separate 

T o t a l l y  redundant d a t a  are t r a n s m i t t e d  over  each l i n k .  
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The t r a n s m i t t e r s  are no t  tu rned  on u n t i l  a 3000 f p s  v e l o c i t y  i s  reached,  thus  as- 

s u r i n g  no antenna breakdown o r  b lackout  can  cause  l o s s  of d a t a .  

o p e r a t e  through l and ing .  

The antenna coup le r  provides  o p p o s i t e  c i r c u l a r  p o l a r i z a t i o n  f o r  t h e  two t r a n s m i t t e r  

o u t p u t s .  

p ? )  

These t r a n s m i t t e r s  

The c r o s s - s l o t  c a v i t y  backed antenna has  a g a i n  of 5 db, 

This  ESP d a t a  i s  rece ived  a t  a ra te  of 50k b i t s / s e c  by redundant r e c e i v i n g  

channels i n  t h e  Spacecraft-mounted suppor t  equipment and provided t o  t h e  Space- 

c r a f t  t e l emet ry  communications equipment f o r  t r ansmiss ion  t o  E a r t h ,  

2 . 2 . 7  Power 

Primary power t o  t h e  Entry  Science Package i s  provided by t h e  Capsule Bus ,  The 

ESP power subsystem c o n s i s t s  of a load c o n t r o l  assembly and an i s o l a t i o n  u n i t .  The 

load c o n t r o l  u n i t  c o n t r o l s  power supp l ied  t o  t h e  ESP elements on command from t h e  

s c i e n c e  d a t a  subsystem (SDS). The i s o l a t i o n  u n i t  prevents  a f a i l u r e  on one redun- 

dant bus from t h e  C a p s u l e  Bus from a f f e c t i n g  t h e  o t h e r  bus. A l l  power r e t u r n s  are 

brought t o  a s i n g l e  p o i n t  ground. This  s i n g l e  ground then  c r o s s e s  t h e  i n t e r i a c e  

t o  t h e  Capsule Bus s i n g l e  po in t  ground system. 

2.2.8 Pyrotechnic  

f The pyrotechnic  subsystem c o n s i s t s  of t h e  s a f e  and arm devices ,  squ ib  f i r i n g  
1 

c i r c u i t s ,  and squ ibs  r e q u i r e d  i n  the  Entry  Science Package (ESP), This subsystem 

(1) deploys a p r o t e c t i v e  cover over  t h e  q u a r t z  window and (2) a c t i v a t e s  and ca l i -  

b r a t e s  t e rmina l  descent  and l and ing  mass spect rometer .  

Two separate and independent s i g n a l s  are rece ived  from t h e  SDS t o  i n i t i a t e  

each f u n c t i o n ,  one t o  a r m  and one t o  f i r e  t h e  pyrotechnic  device .  The c i r c u i t  

i s  then  opened by r e t u r n i n g  t h e  s a f e  and a r m  element t o  t h e  s a f e  p o s i t i o n  t o  p r e -  

vent  shor ted  squ ibs  from d r a i n i n g  t h e  power supply  excess ive ly .  

2 .2  9 Cab l ing  

The ESP c a b l i n g  subsystem provides e l e c t r i c a l  c a b l i n g  between t h e  ESP subsys-  

tems mounted i n  t h e  Capsule Bus (C/B) equipment bay and t o  t h e  remote ESP equip-  

ment l o c a t e d  on t h e  a e r o s h e l l .  

The c a b l i n g  subsystem c o n s i s t s  of r e p l a c e a b l e  assembl ies  inc lud ing  c a b l e  t e r -  

minat ions  and connectors  and provides  f o r  c i r c u i t  s h i e l d i n g  and grounding,  The 

i n d i v i d u a l  c a b l e s  a r e  s e p a r a t e l y  routed and spaced t o  minimize c i r c u i t  i n t e r a c t i o n s .  

I n d i v i d u a l  power and d a t a  c i r c u i t s  c a b l e s  are t w i s t e d  p a i r s  t h a t  might a l s o  be 

sh ie lded ,  depending on t h e  energy l e v e l s  involved.  Cables con ta in ing  pyrotechnic  

i and r a d i o  f requency (RE') c i r c u i t s  are s e p a r a t e l y  routed.  Cable connectors  are 

keyed t o  prevent  mismating. 
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2.2.10 Ent ry  Science Package Equipment L i s t  

The equipment r e q u i r e d  f o r  each of t h e  En t ry  Science Package subsystems de-  

s c r i b e d  i n  t h e  preceding paragraphs are g iven  i n  Table 2.2-2. 

t a b l e  i s  t h e  weight ,  r e q u i r e d  power, and q u a n t i t y  f o r  each subsystem. 

Also l i s t e d  i n  t h e  

Table 2.2-2 En t ry  Science Package Equipment L i s t  

I e i g h t  Power Quan t i ty  p e r  
{ lb)  (W) Subsystem 

15.5) 
11.1 

S t r u c t u r e  & mechanisms 
Aeroshel l  s t r u c t u r e  
Capsule Bus landing  s t a g e  

s t r u c t u r e  

1 

1 -- 8.4 

(4.5) 
inc luded i n  components)l 

1 

Thermal c o n t r o l  
Heaters & t he rmos ta t s  
Aeroshel l  i n s u l a t i o n  
Capsule Bus landing  s t a g e  

i n s  u l a  t i o n  

4.0 

0.5 1 

Science 
Ent ry  s c i e n c e  e l e c t r o n i c s  
Quad mass spec t rometer- ent ry  
Quad mass spec t rometer - te rmi-  

TV camera u n i t  - e n t r y  
TV camera u n i t  - t e rmina l  de- 

Signal  c o n d i t i o n e r  uni t -aero-  

Accelerometer t r i a d  
T o t a l  p re s su re  t r a n s d u c e r  
Humidity senso r  
Tot a1 tempera ture  s ens o r  
T o t a l  temperature senso r  - a e r o  

S tagna t ion  p r e s s u r e  

n a l  descent  & l anding  

s c e n t  & l anding  

s h e l l  

s h e l l  

70.7) 
38.0 

8.0 

3.0 
5 . 8  

11.7 

1.0 
1 . 2  
0 . 6  
0.2 
0.4 

0.1 
0.7 

27 
6 

14 
2 

3 

3.5 
5 
1 
1 
1 

1 
1.4 

1 
1 

1 
1 

1 

1 
1 

16.7) 
12 .1  

4.6 

Communications 
UHF t r a n s m i t t e r s  (2) 
UHF antenna  & coup le r  

200 -- 1 
1 

Power 
Load c o n t r o l  assembly 
I s o l a t i o n  & shunts  

: l o .  8 )  
7.6 
3.2 

1 
1 

: 7.9) 

7 .1  
0.4 

Pyrotechnics  
Safe/arm modules & squ ib  f i r -  

Current  l i m i t e r  assembl ies  
i n g  c i r c u i t s  

Cabling 

28 
-- 

1 
2 

32.1)  1 
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2 . 2 . 1 1  R e l i a b i l i t y  Summary d 
The miss ion complexity,  r e source  expendi ture ,  and l i m i t e d  launch o p p o r t u n i t i e s  

f o r  Voyager, r e q u i r e  t h e  h i g h e s t  miss ion r e l i a b i l i t y .  To o b t a i n  t h i s ,  a compre- 

hensive  r e l i a b i l i t y  program inc lud ing  d i s c i p l i n e d  des igns ,  h i g h l y  screened pa r t s ,  

m a t e r i a l s  and processes ,  des ign a n a l y s i s ,  and a comprehensive t e s t  program with  

d e t a i l e d  f a i l u r e  d e t e c t i o n ,  e v a l u a t i o n ,  and c o r r e c t i v e  a c t i o n  i s  needed. 

The s p e c i f i c  problem of phase B was t h e  s e l e c t i o n  of a p r e f e r r e d  c o n f i g u r a t i o n  

c o n s i s t e n t  wi th  t h e  system c o n s t r a i n t s  and wi th  t h e  h i g h e s t  r e l i a b i l i t y .  P o s s i b l e  

f a i l u r e  modes and t h e i r  e f f e c t  on miss ion r e l i a b i l i t y  and d a t a  r e t u r n  were consid-  

e r e d .  

i n  f a i l u r e  t o  achieve o r b i t ,  f a i l u r e  t o  achieve l and ing ,  o r  l o s s  of a l l  e n t r y  s c i -  

ence, landed sc ience ,  o r  engineer ing d a t a .  Complete f a i l u r e  mode, e f f e c t s ,  and 

c r i t i c a l i t y  a n a l y s i s  t o  t h e  component l e v e l  were conducted dur ing t h i s  phase. Ta- 

b l e  2.2-3 i s  an example. 

A c r i t e r i o n  was e s t a b l i s h e d  a l lowing  no s i n g l e  f a i l u r e  modes t h a t  r e s u l t e d  

The most e f f e c t i v e  means of e l i m i n a t i n g  s i n g l e  f a i l u r e  modes, e i t h e r  through 

mul t ichannel  coopera t ive  redundancy, a l t e r n a t i v e  p a t h s ,  or  p a r a l l e l  redundancy, w a s  

s e l e c t e d  by t r a d e  s t u d i e s .  The r e l i a b i l i t y  p red ic ted  upper and lower bounds and 

t h e  r e l i a b i l i t y  a l l o c a t i o n  were considered t o  ensure a c o n s i s t e n t  approach and em- 

phas i s  a c r o s s  subsystems. The a p p l i c a t i o n  of t h i s  approach t o  des ign r e l i a b i l i t y  

r e s u l t e d  i n  s e l e c t i n g  t h e  major redundant f e a t u r e s  shown i n  Table 2.2-4. 

2 .2 .11 .1  R e l i a b i l i t y  Requirements 

;) 

I n  t h e  absence of s p e c i f i e d  r e l i a b i l i t y  requirements,  a r e l i a b i l i t y  a l l o c a t i o n  

was genera ted by using t h e  p red ic ted  r e l i a b i l i t y  of a re fe rence  Capsule B u s  con- 

f i g u r a t i o n  t h a t  met t h e  system requirements and c o n s t r a i n t s  and included redundant 

elements and a l t e r n a t i v e  modes. The a l l o c a t i o n  f o r  t h e  Entry  Science Package and 

Surface  Laboratory  were propor t ioned by r e l a t i v e  weights ass igned t o  i tems on t h e  

l i s t  of competing c h a r a c t e r i s t i c s  t h a t  a f f e c t  system r e l i a b i l i t y .  The weighting 

f a c t o r s  and r e s u l t i n g  a l l o c a t i o n s  are shown i n  Table 2.2-5. 

MARrfN MARIETZA CQRPORArIQN 
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1 
I 

Table 2.2-4 

Subsystem 

Thermal control  

Entry science 

Science instruments 

Visual imaging 

Science data  subsystem 

Connnunicat ions 

Transmitters 

Power 

Entry Science Package Redundancy Summary 

Available redundancy 

Multi-channel cooperative heater  elements and controls  

Functional redundancy t o  obta in  the  same information 
from d i f fe ren t  combinations of instruments above and 
below aeroshell  

Two cameras with multi-channel cooperative e lec t ronics  

Multi-channel cooperative redundancy i n  d i g i t a l  and 
analog multiplexer with data  s p l i t  between multiplexers, 
Majority voted sequence and format programer 

Multi-channel cooperative redundancy f o r  TV and p a r a l l e l  
redundancy f o r  science data.  
pheric data  by transmission through C/B l ink ,  bypass- 
ing science da ta  subsystem 

Alternative path fo r  atmos- 

Para l le l  redundancy f o r  the  power system with individual  
instrument power supplies and a load control  protecting 
against  shor ts  

Table 2.2-5 Fl ight  Capsule System Re l i ab i l i ty  Requirements 

*Does not include a l t e r n a t i v e  paths u t i l i z i n g  other  subsystems. 

MARTIN MARIEWA CORPORA~JON 
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2 . 2 . 1 1 . 2  R e l i a b i l i t y  P r e d i c t i o n s  

R e l i a b i l i t y  p r e d i c t i o n s  were made dur ing phase B us ing a f u n c t i o n a l  model as 

t h e  on ly  means of a n a l y s i s  t o  show p o t e n t i a l l y  c r i t i c a l  func t ions ,  t r a d e o f f s  be- 

tween redundancy, and t h e  e f f e c t s  of backup systems o r  a l t e r n a t i v e  modes of opera-  

t i o n .  The r e l i a b i l i t y  model i s  p a r t  of t h e  system e v a l u a t i o n  model. The model 

cons ide rs  t h e  p r o b a b i l i t y  of o p e r a t i n g  t o ,  and completing t h e  f u n c t i o n  f o r ,  each 

component r equ i red  t o  suppor t  t h e  func t ion .  

R e l i a b i l i t y  p r e d i c t i o n s  s t a r t e d  wi th  e s t a b l i s h i n g  component f a i l u r e  r a t e s  

based on exper ience  of t h e  same o r  s i m i l a r  equipment, and es t imat ing  piece  pa r t s  

o r  a c t i v e  element count .  A s tandard  s e t  of e l e c t r o n i c  p iece  p a r t  f a i l u r e  r a t e s ,  

shown i n  Table 2.2-6, were used t o  a s s u r e  a common denominator f o r  t h e  eva lua t ion  

of new equipment p r e d i c t e d  on t h e  b a s i s  of p iece  p a r t  o r  a c t i v e  c i r c u i t  element 

count.  These f a i l u r e  r a t e s  a r e  an average of achieved space f a i l u r e  r a t e s  f o r  

h i g h l y  screened p a r t s  as determined from i n d u s t r y  exper ience .  The f a i l u r e  r a t e s  

were combined i n  t h e  r e l a t i o n s h i p  

where, K i s  t h e  environmental  f a c t o r ,  t i s  o p e r a t i n g  o r  nonoperating t ime,  and 

A i s  t h e  achieved f a i l u r e  rate .  Table 2.2-6 list’s s a m p l e s  of p red ic ted  component 

f a i l u r e  r a t e s  wi th  mean and upper and lower 9 5- p e r c e n t i l e  e s t i m a t e s  assuming nor- 

m a l  o r  skewed d i s t r i b u t i o n s .  The range of u n c e r t a i n t y  p r i m a r i l y  r e p r e s e n t s  a 

judgment of p o s s i b l e  improvements i n  t h e  s tate of the  a r t  by 1969 o r  p o s s i b l e  

se tbacks  from t h e  c u r r e n t  s t a t e  because of h e a t  s t e r i l i z a t i o n  o r  new development 

problems and, t o  a l i m i t e d  degree ,  u n c e r t a i n t i e s  i n  t h e  source  d a t a .  The lower 

bounds a r e  l i m i t e d  by t h e  comprehensive r e l i a b i l i t y  program planned f o r  Voyager. 

-AK t 
R = e  OP 

O P  

) 

The f a i l u r e  r a t e  u n c e r t a i n t y  d i s t r i b u t i o n s  were combined by Monte Car lo  t r i a l s  

t o  determine t h e  probable v a r i a t i o n s  i n  miss ion success .  This  technique r e s u l t s  

i n  a r e a l i s t i c  assessment of c o n f i g u r a t i o n  d i f f e r e n c e s  i n  view of o v e r a l l  miss ion 

success  u n c e r t a i n t i e s .  The t o p  l e v e l  f u n c t i o n a l  p r o b a b i l i t y  model and p r e d i c t i o n s  

are shown i n  Fig.  2.2-3. De ta i l ed  lower l e v e l  models a r e  used t o  cons ide r  t h e  e f -  

f e c t s  of redundancy and a l t e r n a t i v e  paths  w i t h i n  major func t ions .  P r e d i c t i o n s  by 

subsystem are shown i n  Table 2.2-5. The p r e d i c t i o n s  are s t a r t e d  upon completion 

of t h e  f i n a l  system checkout be fore  mating with t h e  launch v e h i c l e  and presume 

s u c c e s s f u l  launch v e h i c l e  and Spacecra f t  performance. 

MARTIN MARIETTA CORPORATIOM 
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2 .2 .12  Entry  Science Package I n t e r f a c e s  

The Entry Science Package i n t e r f a c e s  wi th  t h e  Capsule Bus, Spacecra f t  mounted 

suppor t  equipment, and t h e  miss ion opera t ions  system, These i n t e r f a c e s  were shown 

previously  i n  Fig.  2 .2- 1 .  The ESP a l s o  i n t e r f a c e s  wi th  ground based systems dur-  

ing  prelaunch and miss ion o p e r a t i o n s .  

2 .2 .12 .1  Capsule Bus I n t e r f a c e s  

The Capsule Bus w i l l  provide t h e  fo l lowing i n t e r f a c e s  wi th  t h e  ESP: 

1) S t r u c t u r a l  suppor t  and p rov i s ions  f o r  mounting of t h e  fo l lowing ESP pack- 

ages: an e n t r y  TV behind a q u a r t z  window i n  t h e  nose of t h e  a e r o s h e l l  

and mounting p rov i s ions  f o r  o t h e r  e n t r y  s c i e n t i f i c  ins t ruments  on t h e  

a e r o s h e l l ;  an equipment module (approximately 8.3 cu f t )  l o c a t e d  i n  a 

Capsule Bus equipment bay; in te rconnec t ing  c a b l i n g ;  and a UHF antenna 

2)  Power f o r  thermal c o n t r o l  f o r  sc ience  ins t ruments  

3) I n i t i a t i o n  from t h e  Capsule Bus-STD a t  30 min before  800,000 f t  above 

Mars; d i s c r e t e s  from t h e  C a p s u l e  Bus-STD a t  800,000 f t ,  3000-fps ve- 

l o c i t y ,  30,000- ft  a l t i t u d e ,  a e r o s h e l l  s t a g i n g ,  4 ,500- f t  a l t i t u d e ,  and 

v e r n i e r  engine shutdown 

Twenty-four t o  33 v power from 30 min before  800,000 f t  above Mars t o  

2 min a f t e r  landing;  s t a t u s  monitor power from launch t o  Mars e n t r y ;  

and p e r i o d i c  power dur ing Mars c r u i s e  f o r  TV warmup 

Accept backup d a t a  i n  t h e  form of analog s i g n a l s  from t h e  ESP atmospheric 

d a t a  sensors  f o r  r e a l  time t ransmiss ion  t o  t h e  Spacecra f t .  

4) 

5) 

2.2 .12.2 Spacecra f t  Mounted Support Equipment 

Spacecraf t  mounted suppor t  equipment w i l l  accept  two RF channels from t h e  ESP 

a t  s l i g h t l y  d i f f e r e n t  f r equenc ies  i n  t h e  band of 385 t o  405 MHz. These channels 

w i l l  be of oppos i t e  c i r c u l a r  p o l a r i z a t i o n  and w i l l  be on l i n e  from approximately 

100,000 f t  above Mars s u r f a c e  through landing.  The d a t a  ra te  w i l l  be 50k b i t s /  

s e c  

2.2.12.3 Mission Operations System 

The miss ion opera t ions  system (MOS) a t  t h e  Space F l i g h t  Operations F a c i l i t y  

(SFOF) w i l l  provide space  and power necessa ry  f o r  an Entry  Science Package (ESP) 

TV d a t a  processor  and t h e  space and f a c i l i t i e s  necessary  f o r  c o n t r a c t o r  personnel  

a t  SFOF. 

i n t o  t h e  requ i red  documentation. 

Data w i l l  be supp l ied  t o  Mission Operations System f o r  i n c o r p o r a t i o n  

\ 

/J! 
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2.2.12.4 Ground Based Systems I n t e r f a c e s  

During prelaunch and launch o p e r a t i o n s ,  i n t e r f a c e s  between t h e  ESP and t h e  

launch opera t ions  system are accommodated through t h e  C a p s u l e  Bus system. 

2.3 S e l e c t i o n  of t h e  P r e f e r r e d  En t ry  Science Package Conf igura t ion  

2.3.1 A l t e r n a t i v e s  Considered and Cr i t e r i a  f o r  S e l e c t i o n  

This  s e c t i o n  o u t l i n e s  t h e -  reasoning under ly ing  t h e  s e l e c t i o n  of p h y s i c a l  meas- 

urements t o  be made, t h e  ins t ruments  t o  make them, a n a l y s i s  techniques ,  and t h e  

method f o r  conveying and deploying t h e s e  ins t ruments  dur ing  e n t r y  and t e rmina l  de-  

s c e n t  phases of t h e  Voyager 1973 miss ion.  

2.3.1.1 Atmospheric S t r u c t u r e  and Composition 

Current  concepts of t h e  s t r u c t u r e  of t h e  Martian atmosphere a r e  based on a few 

observa t ions  and a g r e a t  d e a l  of theory  and t e r r e s t r i a l  analogy.  Spect roscopic ,  

v i s u a l ,  photographic ,  photometric and p o l a r i m e t r i c  de te rmina t ion  of t h e  composi- 

t i o n  and mass of t h e  Martian atmosphere and rad iomet r i c  s u r f a c e  temperature  meas- 

urements made from E a r t h  p e r t a i n  almost e n t i r e l y  t o  t h e  lowest ,  denses t  pa r t  of 

t h e  atmosphere. The Mariner I V  o c c u l t a t i o n  experiment provided two measurements 

of r e f r a c t i o n  indexes  of t h e  Mart ian  atmosphere. O c c u l t a t i o n  d a t a  w i t h i n  30 km 

of t h e  s u r f a c e  v e r i f i e d  e a r l i e r  n o t i o n s  of t h e  temperature ,  s t r u c t u r e ,  and t o t a l  

mass of t h e  lower atmosphere, which, al though lower than  most previous estimates, 

was no t  i n c o n s i s t e n t  wi th  them. The d a t a  on t h e  ion ized  reg ions  of t h e  atmosphere 

above about 100 km were t h e  f i r s t  (and s t i l l  t h e  only) informat ion w e  have concern-  

ing  t h e  upper reg ions  of t h e  Martian atmosphere. 

I 
P 

Many a t t empts  have been made t o  i n t e r p r e t  t h e  o c c u l t a t i o n  d a t a  i n  terms of t h e  

normal s t r u c t u r e  of t h e  Mart ian  atmosphere. Fje ldbo (Ref 2) has  commented, "Below 

about 30 km a l t i t u d e ,  t h e r e  i s  no t  much l a t i t u d e  i n  determining t h e  n e u t r a l  number 

d e n s i t y  and temperature  p r o f i l e s  from t h e  measured r e f r a c t i v i t y ,  s i n c e  t h e  atmos- 

phere  m u s t  c o n s i s t  almost  e n t i r e l y  of C02."  

of composition should be u s e f u l  through t h i s  range.  The r e f r a c t i o n  caused by t h e  

lower atmosphere suggested d e n s i t i e s  and d e n s i t y  g r a d i e n t s  c o n s i s t e n t  wi th  t e m p e r-  

a t u r e s  near  t h e  s u r f a c e  of 180 'K (immersion) and near  250'K (emersion) and lapse 

r a t e s  of O°K/km and 25'K/km, r e s p e c t i v e l y .  These values and t h e i r  d i f f e r e n c e s  

a r e  c o n s i s t e n t  ( e s p e c i a l l y  cons ide r ing  t h e i r  u n c e r t a i n t y )  wi th  a l l  c u r r e n t  models 

of t h e  lower Martian atmosphere. Moreover, most models cons ide r  d i u r n a l  and sea-  

sona l  t e m p e r a t u r e  f l u c t u a t i o n s  of Mars t o  be q u i t e  l a r g e ,  and t h e  atmosphere t o  

be r e l a t i v e l y  s t a b l e  a t  n i g h t  and dur ing  t h e  w i n t e r  and most u n s t a b l e  dur ing mid- 

day i n  summer. These v a r i a t i o n s  and t h e  model u n c e r t a i n t i e s  of t h e  lower atmos- 

Hence, even a s u r f a c e  de te rmina t ion  

i 
phere could be reduced by a s e r i e s  of obse rva t ions ,  spaced i n  both time and loca -  

t i o n  on Mars. MART8N MARIE-A CORPORATION 
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Quoting Fje ldbo aga in  (Ref 2 ) ,  "At ionospher ic  h e i g h t s ,  i n t e r p r e t a t i o n  of t h e  

r a d i o  o c c u l t a t i o n  d a t a  appears  t o  be cons ide rab ly  more ambiguous, wi th  proposed 

n e u t r a l  number d e n s i t i e s  d i f f e r i n g  by f a c t o r s  up t o  10 and wi th  suggested upper- 

atmospheric t e m p e r a t u r e s  va ry ing  from about 100 t o  more than 400°K." (Higher and 

lower temperatures  have indeed been suggested.)  

4 

The t e m p e r a t u r e  s t r u c t u r e  a t  h i g h e r  l e v e l s  i s  no t  c l e a r l y  determined by t h e  

Mariner IV r e s u l t s .  Based on t h e o r e t i c a l  c o n s i d e r a t i o n s  and ter res t r ia l  analogs,  

i t  i s  g e n e r a l l y  be l i eved  t h a t  most of t h i s  r eg ion  i s  s t r o n g l y  a f f e c t e d  by r a d i a -  

t i v e  processes ,  dominantly t h e  absorp t ion  and emission of thermal r a d i a t i o n  by 

C 0 2 .  C a l c u l a t i o n s  have given reasonably  r e l i a b l e  v a l u e s  of t h e  t e m p e r a t u r e s  i n  

t h i s  r eg ion ,  a t  least  up  t o  those  h e i g h t s  where C02 would be separa ted  by s o l a r  

u l t r a v i o l e t  r a d i a t i o n  (near  80-100 km). Temperature measurements a t  t h e s e  l e v e l s ,  

al though d i f f i c u l t  t o  make, would be u s e f u l  t o  confirm t h e s e  t h e o r e t i c a l  r e s u l t s  

and might a l s o  confirm any independent de te rmina t ions  of t h e  composition. Since  

t h e  Martian atmosphere i s  l i k e l y  t o  be a homogeneous mixture  t o  a t  least  80 km, 

even s u r f a c e  de te rmina t ions  of composit ion could be used t o  d e r i v e  t h e  tempera-  

t u r e  s t r u c t u r e  of the  Mart ian  atmosphere between 15 and 80 km. 

maximum e l e c t r o n  d e n s i t y  (of t h e  o r d e r  of 10 cmW3 a t  120 km) and t h e  r a t e  of de- 

c r e a s e  of t h e  ion  d e n s i t y  wi th  h e i g h t  (an e l e c t r o n  s c a l e  h e i g h t  g iven as 25 t o  29 

km). Depending on t h e  assumptions one makes concerning t h e  r e l a t i v e  importance 

of va r ious  p o s t u l a t e d  photochemical processes ,  tu rbu lence  and molecular  d i f f u s i o n  

i n  r e c o n s t r u c t i n g  and r e d i s t r i b u t i n g  the  ions  and n e u t r a l  p a r t i c l e s ,  and t h e  neu- 

t r a l  composit ion i t s e l f ,  one can d e r i v e  s e v e r a l  r easonab le  models having g r o s s l y  

d i f f e r e n t  c h a r a c t e r i s t i c s  as t o  temperature ,  d e n s i t y ,  and n e u t r a l  scale h e i g h t .  

The Mariner IV va lues  f o r  konospheric r e f r a c t i o n  g i v e  c r e d i b l e  va lues  f o r  t h e  
5 I 

F o r  example, corresponding t o  t h e  widely  d i f f e r i n g  estimates of Martian thermo- 

s p h e r i c  temperatures ,  d i f f e r e n t  au thors  have suggested t h a t  t h e  p r i n c i p a l  ion  i n  

t h e  Martian ionosphere  i s  0,  02, o r  C02. 

Observat ions  of temperature ,  dens i ty ,  o r  s c a l e  h e i g h t  a lone a r e  i n s u f f i c i e n t  

t o  understand t h e  t e r r e s t r i a l  atmosphere. Only a f t e r  measurements of t h e  compo- 

s i t i o n  could models become v i a b l e  and c o n s i s t e n t .  It appears t h a t  no s i n g l e  ob- 

s e r v a t i o n  could  add as much t o  our  knowledge of t h e  Mars atmosphere as determina-  

t i o n s  of t h e  composit ion from approximately 80 km on up, even though t h e  Capsule 

C o n s t r a i n t s  Document (Ref 1) sugges t s  a composit ion measurement a t  Mach 5 o r  less.  

The pass ing of t h e  C a p s u l e  Bus through t h e  upper atmosphere a t  high speed a f f o r d s  

an e x c e l l e n t  o p p o r t u n i t y  t o  make t h e s e  o therwise  unava i l ab le  obse rva t ions .  

techniques  f o r  doing t h i s  are w i t h i n  t h e  s t a t e  of t h e  a r t .  

The 
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It should be  added t h a t  even a s i n g l e  de terminat ion  of composition a t ,  s ay  

250 km, a l e v e l  a t  which molecular  d i f f u s i o n  and h e a t  conduction must c e r t a i n l y  

be  dominant, would be very  va luab le  and informat ive .  Such informat ion  would p e r -  

m i t  one t o  d i s c r i m i n a t e  among most of t h e  c u r r e n t  models, a l though i t  would not  

n e c e s s a r i l y  answer a l l  t h e  open ques t ions .  F i n a l l y ,  and most s i g n i f i c a n t l y ,  i t  

would p e r m i t  one t o  i n t e r p r e t  d e n s i t y  g r a d i e n t  measurements i n  terms of t empera-  

t u r e  r a t h e r  than  s o l e l y  s c a l e  h e i g h t .  Two composition de terminat ions  a t  d i f f e r -  

e n t  thermospheric l e v e l s  would p e r m i t  r e l i a b l e  e x t r a p o l a t i o n s  t o  be made both  up-  

ward and downward. Addi t ional  de terminat ions  a t  lower l e v e l s ,  with inc reas ing  

v e r t i c a l  r e s o l u t i o n  are a l s o  des i r ed .  The most c r i t i c a l  r eg ion  of t h e  atmosphere 

i s  between 100 and 120 km where t h e r e  i s  l i k e l y  t o  be  a change of dominant physi-  

ca l  processes .  However, l a r g e  v e r t i c a l  and temporal g r a d i e n t s  of composition and 

temperature may be p re sen t  t o  complicate any observa t ions .  

2.3.1.2 Extended C a p a b i l i t y  

I n  view of t h e  atmospheric and s u r f a c e  imaging o b j e c t i v e s ,  and t h e  unce r t a in-  

t i e s  of t h e  Mart ian s u r f a c e  environment which might deny a success fu l  landing ,  w e  

have s e l e c t e d  c e r t a i n  f u n c t i o n a l  redundant i n s t rumen ta t ion  which a l s o  provides ex- 

tended c a p a b i l i t y  t o  t h e  e n t r y  sc i ence  measurements, To t h i s  end w e  have conscious-  3 
l y  a l l o c a t e d  a somewhat g r e a t e r  sha re  of t o t a l  weight budget t o  e n t r y  sc i ence  than  

suggested i n  t h e  Phase B r e f e r e n c e  documents (Ref 1 and 3) .  We be l i eve  t h i s  choice  

w i l l  i nc rease  miss ion  success. 

2.3.2 Ent ry  Science Technology Base 

The problem i s  t h a t  of t a k i n g  phys ica l  measurements of a gaseous environment 

from a body pass ing  through i t .  The technology base i n  t h i s  a r e a  has  evolved from 

re sea rch  and development a s s o c i a t e d  wi th  subsonic  and supersonic  a i r c r a f t ,  super-  

son ic  and hypersonic missi les,  hypersonic e n t r y  of b a l l i s t i c  payloads and manned 

s a t e l l i t e s ,  s a t e l l i t e  o r b i t  decay, h igh  a l t i t u d e  atmospheric observa t ions  from 

r o c k e t s  and s a t e l l i t e s ,  and t r a j e c t o r y  r e c o n s t r u c t i o n  f o r  l i f t i n g  body and plane-  

t a r y  e n t r y  v e h i c l e s .  The fo l lowing paragraphs present  c e r t a i n  f a c e t s  of t h i s  

technology which a r e  of primary s i g n i f i c a n c e  i n  des igning  an e n t r y  experiment f o r  

t h e  Voyager 1973 t i m e  frame. 

Technology which w i l l  suppor t  t h e  s u r f a c e  imaging observa t ions  by t h e  Ent ry  

Science  Package i s  based on development c a r r i e d  out  f o r  t h e  Rangers, Mariner I V ,  

Mariner  1969, and ESSA (Automatic P i c t u r e  Taking System) programs. 

,) 
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1 ! I  2.3 2 .1  Environment and Flow Regimes 

Entry s t a r t s  wi th  v e l o c i t i e s  between 3.5 and 4.5 km/sec, i . e . ,  t h e  Mach num- 

ber ,  depending on t h e  p a r t i c u l a r  choice  of atmospheric model, i s  between 16 and 

25. The capsu le  i s  i n  t r a n s i t i o n  between t h e  f r e e  moelcular  and continuum flow 

regimes when apprec iab le  d e c e l e r a t i o n  begins.  The f r e e  molecular  and t r a n s i t i o n  

regimes w i l l  be e n t i r e l y  hypersonic.  The change from hypersonic  t o  subsonic 

speed cond i t ions  t akes  p lace  e n t i r e l y  w i t h i n  t h e  continuum regime whi le  a l a r g e  

range of Reynolds numbers w i l l  s t i l l  be encountered,  

i s  completed, t h e  landing phase wi th  parachute  d e c e l e r a t i o n  begins.  It i s  char-  

a c t e r i z e d  by v e l o c i t i e s  mainly i n  t h e  subsonic  regime. 

A f t e r  t h e  e n t r y  maneuver 

Figures  2.3-1 and 2.3-2 i l l u s t r a t e  t h e  flow environments encountered dur ing 

e n t r y .  Figure  2.3-1 shows curves  of ambient dens i ty ,  p ressure ,  and mean f r e e  

path  f o r  two model atmospheres. Figure  2.3-2 shows curves  of v e l o c i t y ,  Mach num- 

b e r s ,  Reynolds numbers, and Knudsen numbers f o r  l i k e l y  e n t r y  t r a j e c t o r i e s  f o r  t h e  

Capsule Bus, 

The flow regimes encountered dur ing e n t r y  can be c h a r a c t e r i z e d  i n  two ways -- 
speed and gas d e n s i t y .  

t h a t  range t o  an a l t i t u d e  below 100,000 f t ,  depending on t h e  atmosphere and e n t r y  

cond i t ions .  For p r a c t i c a l  purposes i n  des igning t h e  e n t r y  sc ience  experiments,  

i t  can be c a l l e d  hypersonic  down t o  i n i t i a t i o n  of t h e  t e rmina l  phase (parachute  

deployment). 

a t   OW supersonic  speed occurs  over a small a l t i t u d e  range as i n d i c a t e d  i n  Fig.  

2.3-2. O f  more c r i t i c a l  concern i n  t h e  des ign of t h e  s c i e n c e  experiments i s  t h e  

d e n s i t y  o r  mean f r e e  path (A). Entry  is  f i r s t  i n  t h e  f r e e  molecule range where 

A i s  l a r g e  compared t o  c h a r a c t e r i s t i c  ins t rument  o r  v e h i c l e  dimensions. Then a 

t r a n s i t i o n  phase occurs  n e a r  350,000 f t  f o r  VM-9 o r  150,000 f t  f o r  VM-8, where 

c o l l i s i o n s  among gas p a r t i c l e s  begin t o  m a t t e r  and f i n a l l y  a continuum phase ap-  

pears where t h e  f r e e  path  i s  s m a l l  (Fig .  2.3-1). We can c h a r a c t e r i z e  t h e  regimes 

by t h e  Knudsen number (Kn), which i s  r e l a t e d  t o  t h e  Mach number (M), Reynolds num- 

ber  (Re), f r e e  path (A), and c h a r a c t e r i s t i c  l eng th  of t h e  c o n f i g u r a t i o n  (L) by 

The e n t r y  w i l l  be a t  hypersonic speed and w i l l  remain i n  

'i 
i 

Even though t h a t  phase begins i n  t h e  t r a n s o n i c  range,  t h e  f l i g h t  

A Kn = - = a L Re (a i s  a cons tan t  of ' o r d e r  one) .  

For Mars e n t r y ,  even when t h e  Knudsen number i s  s m a l l  and t h e  flow i s  continuum, 

the  Reynolds number w i l l  be r e l a t i v e l y  low. I n  t h i s  c a s e  v iscous  i n t e r a c t i o n  e f -  

f e c t s  w i l l  occur and t h e  u s u a l  i n v i s c i d  r e s u l t s  mus t  be modified.  Because of 

s i z e  d i f f e r e n c e s  i n  t h i s  regime, f o r  i n s t a n c e ,  t h e  capsu le  i t s e l f  may be i n  s i m -  

p l e  continuum flow whi le  a s m a l l  p ro t rud ing  probe i s  no t .  This phenomena i s  n o t  
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l i k e l y  t o  a f f e c t  t h e  v e h i c l e  aerodynamics much because of t h e  v e h i c l e ' s  s i z e  and 

b l u n t  shape, b u t  it w i l l  a p p r e c i a b l y  a f f e c t  something l i k e  a probe. 

Atmospheric S t r u c t u r e  - I n  paragraph 1.1 t h e  o b j e c t i v e s  of determining a l t i t u d e  

p r o f i l e s  of d e n s i t y ,  p ressure ,  temperature ,  and composit ion were o u t l i n e d .  The 

near  s u r f a c e  v a l u e s ,  measured independent ly ,  a r e  important  check p o i n t s  on the  end 

of the  p r o f i l e .  These t e rmina l  va lues  w i l l  be measured dur ing  the  f i n a l  phase of 

e n t r y  when the  parachute  i s  opened and t h e  v e l o c i t y  i s  w e l l  below t h e  speed of 

sound. 
The e n t r y  d a t a  w i l l  p e r m i t  c o n s t r u c t i o n  of d e n s i t y ,  p r e s s u r e s ,  temperature,  

and composit ion p r o f i l e s .  The r e c o n s t r u c t i o n  of a t r a j e c t o r y  r e q u i r e s  a means of 

f i n d i n g  t h e  d e n s i t y  from accelerometer  d a t a .  Density can a l s o  be found wi thout  

d i f f i c u l t y  from t h e  s t a g n a t i o n  po in t  p resssure .  P ressure ,  temperature,  and compo- 

s i t i o n  q u a n t i t i e s  a r e  no t  e a s i l y  determined and, whi le  promising methods e x i s t ,  

some development remains. 

Hypersonic & Supersonic Continuum Flow - The high speed i t s e l f  i s  t h e  primary 

e f f e c t  upon measurements i n  t h e  range be fore  parachute  deployment. For example, 

t h e  dynamic p ressure  (1/2pV ) i s  much g r e a t e r  than  t h e  s t a t i c  value;  t h e  r a t i o  be- 

ing  1 / 2 Y M  , 

= v e l o c i t y ) .  

a f f e c t e d  by t h e  ambient atmosphere and gas chemis t ry ,  such a measurement r e a l l y  

y i e l d s  t h e  dynamic p ressure .  The e f f e c t  of t h e  va r ious  f l i g h t  regimes - continuum, 

t r a n s i t i o n ,  and f r e e  molecule - i s  on ly  t o  modify t h e  requ i red  c o r r e c t i o n s  t o  t h e  

dynamic p ressure  measurement. The measurement remains one of dynamic p ressure .  

The same argument a p p l i e s  t o  t h e  temperature  ( o r  en tha lpy) .  The s t a g n a t i o n  en tha lpy  

2 

2 (Y = r a t i o  of s p e c i f i c  h e a t s ,  M = Mach number, p = mass d e n s i t y ,  and ? - ~ )  
Thus, a l though t h e  p r e s s u r e  a t  t h e  s t a g n a t i o n  p o i n t  on t h e  v e h i c l e  i s  

L 
i s  e s s e n t i a l l y  1 / 2  V , t h e  f r e e  stream s t a t i c  en tha lpy  being a s m a l l  f r a c t i o n  of 

t h i s  va lue .  
2 

The dynamic p ressure  1 / 2  p,Vco and s t a g n a t i o n  p o i n t  p ressure  Ps are r e l a t e d  

by 

pco 
f o r  continuum flow S 1 P 

--  1 +- --  
2 -  2 2P2 

pcovco = I + - + -  YMco 1 1 I-'. - f o r  f r e e  molecular  f low 
YM2 2Y Ti 

r i  

1 

/ co 
where p2/pco i s  t h e  d e n s i t y  r a t i o  ac ross  t h e  normal shock and T 

t u r e  r a t i o  of t h e  r e f l e c t e d  and i n c i d e n t  molecules. Romeo h a s  shown (Ref 4 )  t h a t  

T .  i s  t h e  tempera- 

1 
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) t h e  r i g h t  s i d e  of t h i s  equa t ion  i s  remarkably cons tan t  (near  0.96) even f o r  low 

superson ic  Mach numbers. I n  t h e  t r a n s i t i o n  range, some theory  e x i s t s  (see, f o r  

example, Ref 5) b u t  exper imenta l  c o r r e l a t i o n  i s  needed (Ref 6 ) .  The important  

p o i n t  i s  aga in  made t h a t  t h e  e f f e c t  of v a r i o u s  f l i g h t  regimes o r  gas composition 

i s  a r e l a t i v e l y  s m a l l  c o r r e c t i o n  ( t h e  r i g h t  s i d e  of t h e  equat ions  above i s  near  

u n i t y  i f  M i s  l a r g e ) .  A r easonab le  approximation t o  t h o s e  e f f e c t s  w i l l  l e a d  t o  an 

a c c u r a t e  e v a l u a t i o n  of ,ow$, and hence of t h e  d e n s i t y .  

t r a j e c t o r y  r e c o n s t r u c t i o n  has  y ie lded  t h e  v e l o c i t y .  

It i s  assumed t h a t  t h e  

While f r e e  molecular  probes have been e x t e n s i v e l y  used, t h e  v e r y  low pressures  
-4 

cause  o p e r a t i n g  d i f f i c u l t y .  The t y p i c a l  p ressure  of 10 mb sugges t s  i o n i z a t i o n  

gauges. The H e l l m e r  h o t  cathode gauge i s  capab le  of r e l i a b l e  measurements down t o  

about d 3 m b .  However, t h e r e  are t h r e e  important  compl icat ions:  1) t h e  t o t a l  den- 

s i t y  i s  composit ion dependent, 2) t h e  gauge ou tpu t  i s  composit ion dependent, and 

3) dynamic s o r p t i o n  phenomena may s e r i o u s l y  weaken t h e  dynamic equ i l ib r ium assump- 
'4 

t i o n  on which t h e  gauge theory  i s  based.  Hence, t h i s  does no t  appear t o  be t h e  

b e s t  contender  f o r  an u p p e r  atmosphere measurement. 

This  i l l u s t r a t i o n  s e r v e s  t o  in t roduce  t h e  r a t i o n a l e  f o r  t h e  atmospheric s t r u c -  

t u r e  de te rmina t ion ,  Once t h e  t r a j e c t o r y  has  been recons t ruc ted ,  we w i l l  have a 

v e l o c i t y  h i s t o r y  and w i l l  know where t h e  F l i g h t  Capsule was a t  any time, From t h e  

measured a c c e l e r a t i o n  and t h e  known v e h i c l e  aerodynamics (drag c o e f f i c i e n t  p r i m a r -  

i l y ) ,  a d i r e c t  e v a l u a t i o n  of t h e  ambient d e n s i t y  p r o f i l e  can be made. Appl ica t ion  

of t h i s  method, d i scussed  i n  References 7 through 11, has  g iven good accuracy i n  

low speed a p p l i c a t i o n .  

similar d e n s i t y  e v a l u a t i o n  s u c c e s s f u l l y  a t  hypersonic  speed. The use i n  hypersonic  

f l i g h t  i s  a t t r a c t i v e  because t h e  Mach number i s  i n s e n s i t i v e  t o  drag c o e f f i c i e n t s  

a t  such speeds.  Note however, t h a t  f u r t h e r  e v a l u a t i o n  of t h e  e f f e c t  of composit ion 

and v e r y  low d e n s i t y  i s  needed. A l t e r n a t i v e l y ,  t h e  d e n s i t y  can be deduced from 

t h e  measurement of s t a g n a t i o n  p r e s s u r e s .  Such de te rmina t ion  has a l s o  been success-  

On t h e  USAF/PRIME Program, Mart in  M a r i e t t a  performed a 

f u l l y  employed by Martin M a r i e t t a  i n  t h e  USAF/PRIME Program. 

d e n s i t y  determined from s t a g n a t i o n  p ressure  measurement and v e h i c l e  d e c e l e r a t i o n  

and soundings i s  good. 

Agreement between 

Atmospheric p r e s s u r e  and temperature remain t o  be determined.  The p ressure  

can be found by i n t e g r a t i n g  t h e  d e n s i t y  p r o f i l e  as fol lows:  
W 

P(h) = 
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An a l t e r n a t i v e  a p p l i c a t i o n  of the  b a r o t r o p i c  equat ion,  suggested by S e i f f  (Ref 7 ) ,  

g ives  t h e  p ressure  d i r e c t l y  i n  terms of t h e  d e n s i t y  g r a d i e n t .  This procedure r e -  

q u i r e s  t h e  reasonable  assumption t h a t  t h e  temperature  g rad ien t  i s  small compared 

t o  t h e  d e n s i t y  g r a d i e n t .  

lowed only i f  the  t r a j e c t o r y  i s  known. 

This determinate  of d e n s i t y  and p r e s s u r e  can be f o l -  

I t s  accuracy i s  q u i t e  dependent on t h e  p r e c i s i o n  of t h e  t r a j e c t o r y  information,  

but  even without accelerometer  da ta ,  dead- reckoning of t h e  t r a j e c t o r y  from d e o r b i t  

t o  onset  of a l t i t u d e  marking r a d a r  informat ion and t i m e  h i s t o r y  t o  touchdown of 

t h i s  and t e rmina l  descent  and landing r a d a r  d a t a  w i l l  provide a degraded, but  use-  

f u l  t r a j e c t o r y  f o r  d e n s i t y  and p r e s s u r e  p r o f i l e  cons t ruc t ion .  

F r e e  Molecular  and T r a n s i t i o n  Flow - It i s  c l e a r  t h a t  a t  a h igh  enough a l t i t u d e ,  

t h e  Knudsen number i s  too  l a r g e  f o r  continuum devices  t o  be use fu l .  For t h a t  r e -  

gime t h e  f r e e  molecular  speed r a t i o  probe descr ibed by Vidal ,  Skinner and Ber tz  

(Ref 12) may be a p p r o p r i a t e .  This ins t rument  measures two hea t  t r a n s f e r s .  The 

r a t i o  of s t a g n a t i o n  po in t  t o  f l a t  p la te  h e a t  t r a n s f e r  f o r  a zero  angle- of- at tack 

i s ,  f o r  f r e e  molecule f low, j u s t  t h e  molecular  speed r a t i o  ( 5 )  

* 
where R i s  t h e  u n i v e r s a l  gas cons e n t  molecular  weight. Deter-  

minat ion of v from r e c o n s t r u c t i o n  of t h e  t r a j e c t o r y  wi th  t h i s  molecular  speed r a t i o  

then  y i e l d s  t h e  ambient, t r a n s l a t i o n a l  ( s t a t i c )  temperature T. On t h e  o t h e r  hand, 

simply by s u b s t i t u t i o n  of t h e  p e r f e c t  gas equat ion of s ta te ,  t h i s  r a t i o  may be 

w r i t t e n  as  , 

) 

iI 

) I 2  .PV2 . 
P 5 =  

2 
Then s i n c e  t h e  dynamic p ressure  (112 pV ) , i s  found s e p a r a t e l y  from p i t o t  p ressure  

o r  d e c e l e r a t i o n ,  t h e  speed r a t i o  w i l l  y i e l d  t h e  ambient p ressure  P. 

Vidal  has  shown t h a t  t h e  probe behavior i s  s a t i s f a c t o r y  f o r  Knudsen numbers, 

based on gauge dimensions, g r e a t e r  than  about 7. H e  has a l s o  es t imated performance 

f o r  probe dimensions of about 0.016 i n .  which would allow opera t ion  t o  as  low as 

about 140,000 f t  depending on t h e  atmosphere. Fur the r ,  t h e  theory  i s  such t h a t  

composition u n c e r t a i n t i e s  should not  d i r e c t l y  in f luence  performance. 

There a r e  several new c o n s i d e r a t i o n s  t h a t  w i l l  a r i se  i n  t h e  Voyager experiment 

t h a t  have not  been considered i n  t h e  e x i s t i n g  s p e e d- r a t i o  probes,  For example, t h e  

e x i s t i n g  probes a r e  used i n  only s h o r t - d u r a t i o n  experiments,  whi le  the  Voyager 

experiment w i l l  l a s t  f o r  s e v e r a l  minutes.  

t o  coo l  the  ins t rument .  S i m i l a r l y ,  p rov i s ions  w i l l  be requ i red  to  main ta in  a 

s u r f a c e  wi th  known accommodation c o e f f i c i e n t s  dur ing t h e  space f l i g h t .  These do 

not  p resen t  any b a s i c  d i f f i c u l t y  and can be accomplished w i t h i n  t h e  e x i s t i n g  

technology.  

Therefore  p rov i s ions  w i l l  be requ i red  
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A l t e r n a t i v e  D i r e c t  Measurement of P ressure ,  Temperature and Densi ty  - An a l t e r -  4 
n a t i v e  d i r e c t  measurement of pressure o r  temperature i s  d e s i r e d  both as a check and 

as a means of avoiding inaccurac ies  in t roduced i n  g e t t i n g  t h e  p ressure  from t h e  

d e n s i t y  p r o f i l e .  

t h e  a e r o s h e l l  o r  i n  t h e  rear of t h e  v e h i c l e  t h a t  would y i e l d  t h e  p ressure  d i r e c t l y .  

However, t h i s  remains t o  be demonstrated. The argument a g a i n s t  t h i s  theory  i s  t h a t  

no gas w i l l  reach t h e  F l i g h t  C a p s u l e  s u r f a c e  without going through a ve ry  s t r o n g  

shock. Even t h e  f l u i d  i n  t h e  wake w i l l  be inf luenced by a s t r o n g  shock. This i s  

not  s o  i n  t h e  base flow behind a long missile where t h e  bow shock w i l l  have a t t e n -  

uated t o  become v e r y  weak near  t h e  base.  Pass ing through t h e  normal shock s i g n i f -  

i c a n t l y  a l te rs  t h e  gas p ressure  and temperature.  This shock phenomenon e l i m i n a t e s  

a v a r i e t y  of p o s s i b i l i t i e s  from presen t  cons ide ra t ion ,  inc lud ing  t h e  u s e  of base 

p ressure ,  m u l t i p l e  measurements on t h e  a e r o s h e l l  (even of t h e  p ressure  d i s t r i b u t i o n ) ,  

and measurement a s s o c i a t e d  wi th  a s o n i c  po in t  i n  t h e  shock l a y e r .  However, t h e  

p o s s i b i l i t y  t h a t  t h e  base p r e s s u r e  would, i n  f a c t ,  be w e l l  c o r r e l a t e d  wi th  f r e e  

stream p r e s s u r e ,  cannot  b e  d ismissed e n t i r e l y .  The s i m p l i c i t y  of such a measurement 

i s  most a t t r a c t i v e  and t e s t s  i n  v a r i o u s  atmospheres a t  a p p r o p r i a t e  Mach and Reynolds 

numbers should be performed. 

The most convenient  procedure would be t o  measure something on 

The technology p o s s i b i l i t i e s  of a d i r e c t  means f o r  sens ing t h e  f r e e  s t ream 

f a l l  i n t o  t h r e e  c a t e g o r i e s .  One i s  a sub-capsule.  But because t h e  p o s s i b i l i t y  

would r e q u i r e  separate suppor t  and telecommunication systems as w e l l  as separate 

t r a j e c t o r y  eva lua t ion ,  it w i l l  no t  be considered f u r t h e r .  The o t h e r  two methods 

invo lve  e i t h e r  a probe p r o j e c t i n g  beyond t h e  bow shock o r  a beam method such as 

e l e c t r o n  beam f luorescence  o r  gamma r a y  b a c k s c a t t e r i n g .  

P r o j e c t i n g  Probe - Consider f i r s t  t h e  probe and focus  on t h e  s ta t i c  p ressure .  

To be u s e f u l  t h e  probe must in t roduce  on ly  an i n s i g n i f i c a n t  d i s tu rbance  t o  t h e  

a e r o s h e l l  aerodynamics. 

Capsule s t a g n a t i o n  po in t ,  it must be d i s p l a c e d  l a t e r a l l y ,  and may r e q u i r e  a dua l  

probe f o r  symmetry. 

a e r o s h e l l  drag,  though t h i s  i s  ve ry  u n l i k e l y  i n  any case. 

Putnam (Ref 13) on an antenna p r o j e c t i n g  forward on an Apollo shape have shown 

s m a l l  aerodynamic e f f e c t s .  A more s e r i o u s  p o s s i b i l i t y  i s  t h a t ,  e s p e c i a l l y  a t  t h e  

low Reynolds numbers a s s o c i a t e d  wi th  any reasonable  probe diameter -- say,  an inch,  

t h e  boundary l a y e r  on t h e  probe may separate a l l  t h e  way t o  t h e  t i p ,  caus ing much 

d i f f i c u l t y  i n  i n t e r p r e t a t i o n .  

Because of TV and o t h e r  c o n s i d e r a t i o n s  nea r  t h e  F l i g h t  

The probe must no t  in t roduce  a s i g n i f i c a n t  degradat ion i n  t h e  

Rela ted  experiments by 

Such a phenomena has  been observed f r e q u e n t l y  on 
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s l e n d e r  probes ahead of b l u n t  bodies ,  a l though examination of Putnam's S c h l i e r e n  

p i c t u r e s  do not  show i t  f o r  h i s  t e s t  c o n d i t i o n s .  This q u e s t i o n  r e q u i r e s  c a r e f u l  

wind t u n n e l  i n v e s t i g a t i o n  a t  t h e  a p p r o p r i a t e  Reynolds numbers. 

Even i f  such s e p a r a t i o n  does no t  occur ,  t h e  tenuous atmosphere w i l l  cause  

t h e  boundary l a y e r  t o  be t h i c k  so t h a t  t h e  p ressures  induced by t h a t  l a y e r  w i l l  

become s u b s t a n t i a l  and s t r a i g h t f o r w a r d  continuum exper ience  w i l l  become a weak 

b a s i s  f o r  i n t e r p r e t a t i o n .  A t  h i g h e r  a l t i t u d e s  even t h e  e x t r a p o l a t i o n s  of t h e  i n -  

v i s c i d  a n a l y s i s  become marginal  and one has  t o  depend on less e s t a b l i s h e d  technol-  

ogy i n  t r a n s i t i o n a l  flow. One m u s t  a l s o  contend with t h e  low d e n s i t y  ( f r e e  molec- 

u l a r )  d i f f i c u l t i e s  desc r ibed  i n  paragraph 2.3.2.2 i n  connect ion with a f r e e  mole- 

c u l e  i m p a c t  probe. 

However, f o r  t h e  lower p a r t  of t h e  atmosphere, a conven t iona l  s t a t i c  probe 

c o n s i s t i n g  of a s p h e r i c a l l y  b lunted c y l i n d e r  wi th  s t a t i c  p o r t s  w e l l  back from t h e  

nose i s  appropr ia te .  Extensive  e v a l u a t i o n  of such probes has  a l r e a d y  been c a r r i e d  

out  by Behrens (Ref 14), R i g a l i  and Touryan (Ref 15) and by P o t t e r ,  Kinslow and 

Boylan (Ref 16);  and t h e i r  c o r r e l a t i o n  d a t a  i s  good on t h e  b a s i s  of t h e  hyper-  

son ic  i n t e r a c t i o n  parameter. Most such probes t o  d a t e  have had a pointed f o r e -  

body. I n  t h e  Mars e n t r y  a p p l i c a t i o n ,  a hemispher ica l  nose i s  more appropr ia te .  

A s  t h e  h igh  h e a t i n g  regime i s  approached, t h e  rounded nose w i l l  minimize peak 

h e a t i n g  as w e l l  as minimize shape change from any s u r f a c e  r e c e s s i o n .  

va lues  of t h e  hypersonic  i n t e r a c t i o n  parameter (M3,/@-). I n s e n s i t i v i t y  t o  a t-  

mospheric composition i s  important .  Because of t h e  s u b s t a n t i a l  shock s tandof f  

d i s t a n c e ,  such a probe must be s e v e r a l  f e e t  long. A minimum l e n g t h  a t  which t h e  

main shock on t h e  a e r o s h e l l  does no t  i n t e r f e r e  wi th  probe behavior  must be d e t e r -  

mined exper imenta l ly .  

The use  of such a probe r e q u i r e s  c o r r e l a t i o n  of i t s  performance through l a r g e  

The d i f f i c u l t i e s  caused by t h e  low Reynolds number and a t t e n d a n t  p o s s i b l e  

s e p a r a t i o n  and/or  boundary l a y e r  th icken ing  make adopt ing a p r e s s u r e  probe p r e-  

mature a t  t h i s  t i m e .  However, development should be pursued because of t h e  l a c k  

of a demonstrated a l t e r n a t i v e  f o r  d i r e c t l y  measuring p ressure .  

Beam Techniques - An a l t e r n a t i v e  class of measurements invo lves  beams. A 

method showing cons ide rab le  promise i s  e l e c t r o n  beam f luorescence .  I n  t h i s  meth- 

od,  a beam of e l e c t r o n s  a t  moderate energy i s  p ro jec ted  i n t o  t h e  undis turbed atmos- 

p h e r i c  gas i n  t h e  v i c i n i t y  of  t h i s  ins t rument .  The gas i s  made luminous a long t h e  

e l e c t r o n  beam by e l e c t r o n  i m p a c t  on t h e  gas atoms and molecules.  A t  r e l a t i v e l y  low 
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‘ 1  d e n s i t i e s ,  up t o  d e n s i t i e s  equal  t o  1 t o r r  a t  room temperature ,  t h e  i n t e n s i t y  of 

t h i s  luminos i ty  i s  p r o p o r t i o n a l  t o  t h e  gas  dens i ty .  Since  t h e  spectral  charac-  

t e r i s t i c s  of t h e  l i g h t  are d i s t i n c t l y  d i f f e r e n t  f o r  each gaseous species, l o c a l  

pa r t i a l  gas  d e n s i t i e s  can  be measured. 

The g r e a t  advantage t o  t h i s  method i s  t h a t  t h e  l i g h t  can be s e l e c t e d  from a 

reg ion  where t h e  aerodynamic d i s tu rbance  of t h e  gas flow i s  wholly absen t  o r  ac- 

c e p t a b l y  small.  

des ign must prevent  r e f l e c t e d  molecules from reaching t h e  obse rva t ion  reg ion .  A t  

lower a l t i t u d e s  where t h e  d i s t i n c t  shock l a y e r s  of continuum aerodynamics appear ,  

t h e  o p t i c a l  des ign  has  t o  ensure  t h a t  on ly  l i g h t  produced i n  t h e  f r e e  stream, i .e . ,  

o u t s i d e  t h e  shock l a y e r s ,  w i l l  be measured. 

A t  a l t i t u d e s  where f r e e  molecule c o n d i t i o n s  e x i s t ,  t h i s  geometric 

The e l e c t r o n  beam f luorescence  h a s  been used t o  o b t a i n  d e n s i t y ,  temperature,  

A t  p resen t  a rocke t  and species c o n c e n t r a t i o n  i n  low d e n s i t y  f lows (Ref 17-22). 

experiment i s  being prepared a t  t h e  U n i v e r s i t y  of Toronto I n s t i t u t e  f o r  Aerospace 

Science t o  make temperature  and d e n s i t y  measurements i n  t h e  upper e a r t h  atmosphere. 

Limited work on o t h e r  atmospheres i s  r e p o r t e d  i n  Ref 23 and 24. 

t h i s  method i s  incomplete but  is  promising and, i n  a d d i t i o n  t o  atmospheric s t ruc -  

Development of 

9 t u r a l  informat ion,  should provide composit ion d a t a  a t  s e v e r a l  o r d e r s  h i g h e r  den- 
/ 

s i t y  levels  than  appears p o s s i b l e  wi th  t h e  m a s s  spect rometer .  

Most o t h e r  beam techniques  such as t h e  g a m a  r a y  spect rometer  s t u d i e d  by 

NASA/Langley (Ref 25),  x- ray back s c a t t e r i n g  methods (Ref 26) and o t h e r  microwave 

r e f l e c t o m e t e r  methods (Ref 27) a r e  p r i m a r i l y  d e n s i t y  measuring dev ices  and a r e ,  

t h e r e f o r e ,  no t  considered f u r t h e r  he re in .  However, development of such dev ices  

should  con t inue  s o  more r e f i n e d  measurements can be made. 

Langmuir probes could  measure t h e  d i s t r i b u t i o n  of e l e c t r o n  temperatures  and 

d e n s i t y  i n  t h e  upper atmosphere, t h a t  a r e  s i g n i f i c a n t  i n  t h e  s c i e n t i f i c  under- 

s tand ing  of t h e  Martian atmosphere. 

and Voyager Spacecra f t  o c c u l t a t i o n  e l e c t r o n  d e n s i t y  measurements, and provide an 

u p p e r  bound t o  t h e  temperature  of t h e  atmospheric n e u t r a l  spec ies .  

Such measurements would confirm Mariner I V  

Environment dur ing  Terminal Descent - During t e r m i n a l  descent  a t  t h e  f i r i n g  

of v e r n i e r  engines ,  t h e  e n t r y  v e h i c l e  w i l l  be descending through t h e  atmosphere 

a t  subsonic  v e l o c i t i e s .  The measurement environment dur ing t h i s  per iod i s  charac-  

t e r i z e d  by continuum flow and i s  absen t  of  shock e f f e c t s .  

Here t h e  technology i s  q u i t e  m a t u r e ,  and measurements can be made wi th  good 

confidence.  I n s t a l l a t i o n  geometry of ins t ruments  on t h e  capsu le  s t r u c t u r e ,  a f t e r  

r e l e a s e  of t h e  a e r o s h e l l ,  can be  r e f i n e d  by wind t u n n e l  tes ts .  
\ 
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2 . 3 . 2 . 3  Traiec t o r y  Reconst ruct ion Technology 

The atmospheric s t r u c t u r e  can be measured i n  a d e f i n i t i v e  way on ly  a f t e r  t h e  

e n t r y  t r a j e c t o r y ,  t h e  path  of t h e  En t ry  Science  Package s e n s o r s ,  i s  determined.  

A s u c c e s s f u l  r e c o n s t r u c t i o n  of t h e  a l t i t u d e  h i s t o r y  inc ludes  t h e  v e l o c i t y  h i s t o r y  

and a d i r e c t  means of determining t h e  ambient d e n s i t y  p r o f i l e .  Thus, i n  a pos t-  

f l i g h t  sense ,  t h i s  t r a j e c t o r y  r e c o n s t r u c t i o n  i s  an i n t e g r a l  p a r t  of t h e  Entry  

Science Package measurement miss ion,  and, indeed, t h e  techniques  employed t o  re- 

f i n e  t h i s  p r o f i l e  d i r e c t l y  a f f e c t  t h e  accuracy wi th  which t h e  atmospheric s t r u c -  

t u r e  p r o p e r t i e s  can be determined. 

Severa l  techniques  f o r  r e c o n s t r u c t i n g  t r a j e c t o r i e s  have been suggested.  They 

a r e ,  however, s u b j e c t  t o  e r r o r s  from several sources  including:  

1) I n i t i a l  c o n d i t i o n s  

2) Accelerometer and rate  measurements 

3) Numerical t r u n c a t i o n  and roundoff e r r o r s ,  a l l  of which tend t o  propagate. 

Furthermore, t h e s e  procedures do not  r e a d i l y  al low simultaneous use of on- 

board and t r a c k i n g  d a t a .  

A f a r  b e t t e r  r e c o n s t r u c t i o n  i s  p o s s i b l e  by applying t h e  s t a t i s t i c a l  techniques  

commonly used i n  o r b i t  de terminat ion.  Of these ,  t h e  Kalman-Bucy minimum var iance  

( l i n e a r  f i l t e r )  approach, developed a t  t h e  Martin Marietta Research I n s t i t u t e  of 

Advanced S tud ies  (RIAS) Divis ion,  i s  c u r r e n t l y  t h e  most product ive .  Martin 

Marietta has employed t h e s e  techniques  i n  A i r  Force o r b i t a l  de terminat ion pro- 

grams (Ref 28), Mars miss ion e r r o r  a n a l y s i s  (Ref 29) and t o  develop computer pro- 

grams (Ref 30 and 31) app l ied  i n  t h e  USAE'/PRIME Program t o  make a r e f i n e d  recon- 

s t r u c t i o n  of t h e  t r a j e c t o r y  of a hypersonic l i f t i n g  and maneuvering v e h i c l e  e n t e r -  

i n g  t h e  E a r t h ' s  atmosphere. Three f l i g h t s ,  r e e n t e r i n g  from o r b i t a l  v e l o c i t y ,  

launched a t  A i r  Force Western Tes t  Range (AFWTR) and t e rmina t ing  a t  Kwajalein 

have been completed. On t h e s e  f l i g h t s ,  angular  r a t e  and r a d a r  t r a c k i n g  d a t a  from 

launch and in te rmedia te  t r a c k i n g  s h i p s ,  t o g e t h e r  wi th  d a t a  from onboard body- 

mounted accelerometers  were used i n  t h e  s u c c e s s f u l  r e c o n s t r u c t i o n s .  The quan t i-  

t a t i v e  r e s u l t s  are c l a s s i f i e d .  

The Kalman-Bucy technique i s  being adopted f o r  Voyager i n  a two-step proce- 

dure .  Here t h e  i n p u t  d a t a  i s  somewhat d i f f e r e n t ,  c o n s i s t i n g  of a l t i t u d e  marking 

r a d a r  (AMR) d a t a  below an a l t i t u d e  of approximately 300,000 f t ,  and measured 

a c c e l e r a t i o n s  of t h e  e n t r y  v e h i c l e .  Addi t ional  u s e f u l  d a t a  are i n j e c t i o n  condi-  

t i o n s ,  p ressure ,  temperature,  and composit ion measurements; redundant d a t a  a r e  

d e n s i t y  and end po in t  d a t a  a t  touchdown. 

MARTIN MA RIE77'A CORPORATION 
D E N V E R  D I V I S I O N  



FR-22-103 Vol IV Sect I 2-35 

The first step is to use the radar and accelerometer data to reconstruct the 
Theequations of motion in the filtering proc- 

t i  

entry vehicle path through space. 

ess are specifically formulated to preclude the need for atmospheric character- 
istics, entry body aerodynamics, and instantaneous weights. Once the particle's 

path through space has been estimated, the second step is to pass this data 

through another, more complex, filtering program to determine the best estimate of 

the atmosphere, aerodynamic characteristics, instrument biases, etc. The aero- 

dynamic equation can now be fitted in a minimum-variance sense to the tracking 

and onboard radar data to further refine the density profile. 

The statistical aspects of the USAE'/PRIME Program have been modified into a 

Mars entry atmospheric determination error analysis program. This program, cur- 

rently in final checkout, will permit the evaluation of various measurements of 

the atmosphere and their accuracies. It is the first step in the development of 

an actual atmosphere determination program for planetary entry and will initially 

incorporate discrete reference model atmospheres from which to iterate the error 

analysis. 

atmosphere for error comparisons in terms of the measured properties of tempera- 

ture, pressure, density, and composition. 

2.3.2.4 Atmospheric Temperature & Composition Technology 

Eventually the program will include the full equations of the model 

i 

The composition requirement is to measure not only the possible primary con- 

stituents (C02, N 
(i.e. CO and H 0), various ions, and diverse reaction gases (i.e. 0, 03, N). 
consider two flow regimes characterized as hypersonic-free molecule and as sub- 

sonic-continuum. The intermediate low to moderate supersonic range is the least 

accessible, but is probably not critical because the lower altitude composition 

and Ammonia) but also a large variety of trace molecules 2 
We 2 

is expected to be quite uniform up to 80 km. 

High Altitude Temperature &Composition - Three primary means of observing 
the composition during entry have been considered. One is the electron beam 

fluorescence technique discussed in paragraph 3.2.2. A second method involves 

observing the shock layer radiation while the third method uses a mass spectrom- 

eter. The use of a gas chromatograph might become practical if further develop- 

ment is made since response times are short enough for this application. 

Theoretical and experimental work in shock-layer radiation from proposed 

planetary atmospheres has been reported in References 17-24 and 32-34. These 

have dealt with both equilibrium and nonequilibrium gas dynamic states in the 

stagnation region o f  entering vehicles. 
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Unfortunately, most of these studies applied to high velocity entries, with 

stagnation temperatures greater than 5000'K. For the present program, tempera- 

tures between 2000 and 3000'K are more likely to be encountered. 

measurements should probably be restricted to the infrared region of the spectrum. 

(Possible exceptions may occur where a given species such as CN is formed in an 

excited state, with a radiation intensity not given by a Boltzmann distribution 

at the local temperature. ) 

Thus, emission 

In the infrared region there is a CN band system near 1 p, a GO band at 2 
With the proper choice of fil- 4.3 p, a CO band at 4.8 p,  and an NO band at 5.3 p, 

ters, or preferably the use of a scanning or multi-channel low-resolution spec- 

trometer, composition data could be obtained by continuously monitoring the CN 

band systems for relative intensities among these species. However, the limited 

number of bands in the infrared region makes this shock layer technique too ex- 

pensive for the limited information it provides. 
High Altitude Mass Spectroscopy - Composition measurements of the upper at- 

mosphere by mass spectrometry began soon after captured German V-2 rockets be- 

came available to the scientific community. In 1950, W, H. Bennett (Ref 31) in- 

traduced the radio-frequency mass spectrometer. Meadows and Townsend (Ref 35, 36) \ 
I 

at the Naval Research Laboratory adapted the instrument to upper atmospheric 

composition analysis and performed several flights aboard Viking and Aerobee 

rockets during the International Geophysical Year. The Bennett tube was further 

adapted by Pokhunkov in Russia (Ref 37 and 38) and flown on several occasions 

for composition analysis. 
The omegatron, described by Sommer, Thomas, and Hipple in 1951 and flown for 

upper atmosphere applications, has been considered. The device must operate with 

either low-energy particles or large magnets, making it unattractive for Voyager. 

Because of difficulties with the mass-spectrometry approaches, especially 

in identifying atomic oxygen predicated by the theoretical models (Ref 39), 

Schaefer (Ref 40 and 41) and Nier introduced open ion sources. These ion sources 

proved much superior to the Bennett tube in identifying the oxygen component. 

These sources can be used with either magnetic sector or quadrupole mass spectrom- 

eters. The technology of open ion sources has been refined in several rocket 
flights by Nier and Reber (of NASA Goddard Space Flight Center) on Explorers 17 

and 18, and by Von Zahm in Germany. 
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Due to the success of these open-ion-source investigations, Jones and 

Schaefer of the University of Michigan have suggested that, in the Voyager applica- 

tion, significant advantage be taken of the fact that the entry capsule has a con- 

trolled attitude and the free stream particles entering an ion source have a large 

kinetic energy relative to any ambient or contaiminating particles in the vicinity 

of the aeroshell. Thus, by designing a repeller grid just behind the ion source, 

those ionized particles having less than the free-stream kinetic energy are unable 

to climb the potential hill introduced by the grid and therefore are unable to 

enter the mass spectrometer. Moreover, by switching the voltage on and off, in- 

flight calibrations of both ion source density and ambient ion density can be made. 

Consideration of ion-source inlets at right angles to the velocity vector 

have also been considered, but are subject to large errors due to the very high 

equivalent temperature of the passing beam at Voyager velocities. 

These concepts have been analyzed in depth and are being compared with ex- 

perimental data. On August 8, 1967, a University of Michigan Aerobee rocket, 

carrying an open-ion-source mass spectrometer, interrupted the orbit of the Orbit- 
ing Geophysical Observatory D (OGO-D) satellite carrying a similar instrument hav- 
ing an ion source opening the flight direction, The test appeared successful, and 

the data is being gathered for analysis. This approach to design verification and 

calibration might be employed to supplement ground calibrations in molecular beam 

facilities like those available at the University of Toronto. 

Lob Altitude Temperature & Composition - Composition analysis below 80 km is 

expected to be essentially constant all the way to the surface, thus a few measure- 

ments below this altitude, near the surface, will probably suffice. These can be 

made at speeds below Mach 5, and especially at the lower velocities, after ejection 

of the aeroshell and before vernier ignition when contamination is at a minimum. 

The technology of composition analysis by mass spectrometer, and conventional tem- 

perature and humidity measurements is, like the subsonic flow technology, reason- 

ably mature and, hence, not discussed in depth. 

2 . 3 . 2 . 5  Surface Imaging Technology 

Many imaging concepts have been applied in previous spacecraft or are currently 

being developed. ,These concepts include optical, color, stereo, infrared or thermal 

mapping, point imaging and image motion compensation techniques, combined with the 

related means of processing the data, including tape recording, storage in the 
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sensor or storage disc cameras. 

ered in our trade studies, the required sterilization and the constraints of weight, 

entry trajectory transit time and limited data rates eliminated most concepts from 
further consideration. Moreover, many desirable functions, such as color discrim- 

ination to detect the blue-haze, can be better provided from the orbiting Space- 

craft or the landed science subsystem, and so have not been seriously considered 

for the Entry Science Package. 

While this broad technology spectrum was consid- 

Surface imaging during descent with steps of resolution that enable high reso- 

lution pictures of the landing area to be identified in the orbiter pictures has 

been considered in our design. Moreover, we have emphasized obtaining, at least 

one picture of the surface before landing with higher than the specification reso- 

lution (1 meter). To this end, we have experimentally investigated the effect of 
a descent vernier engine plume on television image resolution. Pictures were taken 

through the plume of a bipropellant engine in a chamber simulating Martian atmos- 

phere (80% C02, 20% N2) at approximately 4 to 25 mb, and the modulation transfer 

function was measured while viewing a National Bureau of Standards (NBS) resolution 
bar chart target. No appreciable degradation in resolution was found with the 

capsule geometry of our preferred configuration (Ref 42). 
3 The phenomenon has also been demonstrated qualitatively at large scale in 

flight. Motion pictures taken from a camera, hard-mounted to structure and looking 

aft through the engine plume from the second stage of a Titan I1 during staging, 

show very little degradation of image resolution of Cape Kennedy below. 

pictures also demonstrate that camera vibration can be kept within satisfactory 

bounds while engine is operating. 

effect in a CO N atmosphere than in air. These tests are continuing with both a 

monopropellant engine and dual engines. 

to generalize the design parameters for a multiplume geometry. 

These 

Moreover, our chamber tests show less degradation 

2/ 2 
We are also developing a theoretical model 

Shadow interpretation may be significant in entry imaging. This consideration 

has influenced the design of trajectories to provide entry between 15 and 30 deg 
on the light side of the terminator. 

A wide range of gray shades is desirable, especially near the terminator where 

the illumination ratio is large. Under these conditions a wide range of scene 

brightness can also be accommodated by using wide-range, nonlinear electronics in 
the flight hardware, and linearizing the display back on Earth. 

shades of the Martian surface material and texture are presently limited more by 

communications 

requirement (Ref 4 3 ) .  

The range of gray 

\ data rate and data compression technology than by a firm scientific i 
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2 . 3 . 3  Analysis of Entry Science Package Alternatives 

2 . 3 . 3 . 1  Instrument Alternatives 
1 

Table 2 . 3 - 1  lists alternative measurement techniques considered for entry 

science. 

were the main basis for selecting or rejecting a technique. 

ground involved is described in references listed in the table, 

Data pertaining to mounting requirements and prior use is shown, and 

The technical back- 

2-39 

2 . 3 . 3 . 2  Entry Science Package Configuration Alternatives 

The considerations that influenced the arrangement of the Entry Science Package 

(ESP) equipment most are if the equipment is: 

1) Independent of, and separable from, the Capsule Bus and Surface Laboratory 

2) Self -Supporting 

3) Capable of being developed, qualified, and tested for flight acceptance as 

a complete unit 

Standardized with simple interfaces with the Capsule Bus to accommodate 

changes (including deletion) of science equipment with minimum effect on 

the Capsule Bus 

Located clear of areas required to accommodate Surface Laboratory growth 

through the decade 

Located so that no constraints are imposed on deployment of Surface Labora- 
tory devices 

Accessible for maintenance and adjustment after installation on the Capsule 

Bus. 

4 )  

5) 

6) 

7) 

These considerations conflict to some degree, particularly items 1 through 4 
with 5 through 7. The first four considerations lead to a modularized design as 

completely self-supporting as possible. 

single assembly to be connected to the Capsule Bus by a simple structural joint and 
The goal was to place all equipment in a 

a single electrical connector. 

including power, communication, and thermal control, would be provided within the 

ESP. 
sule Bus would be routed through the electrical connector. 

All support functions for the Entry Science Package, 

Only umbilical services from the Spacecraft and event discretes from the Cap- 

The fifth and sixth features lead to locating the Entry Science Package away 

from Capsule Bus areas involved with the Surface Laboratory. Selecting this posi- 
tion for most entry science equipment however, required a departure from a totally 

modularized ESP design. This departure was due to the necessity for mounting science 
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ins t ruments  i n  t h e  nose of t h e  a e r o s h e l l .  The p o s s i b i l i t y  of p l a c i n g  t h e s e  i n s t r u -  

ments w i t h i n  t h e  main equipment module and exposing them through s i d e  openings i n  

t h e  a e r o s h e l l  was i n v e s t i g a t e d .  Th i s  arrangement i s  no t  p r a c t i c a l  because asymme- 

t r y  i n  t h e  a e r o s h e l l  l e a d s  t o  aerodynamic e f f e c t s  which could  not  be understood 

wi thout  experimental  a n a l y s i s .  The b e s t  arrangement f o r  accommodating t h e  sc ience  

measurements t o  be made dur ing e n t r y  and be fore  and a f t e r  a e r o s h e l l  deployment was 

t o  d i v i d e  t h e  Entry  Science Package i n t o  two modules. One module w i l l  c a r r y  s c i e n c e  

ins t ruments  f o r  mounting i n  t h e  a e r o s h e l l  nose;  t h e  o t h e r  inc ludes  t h e  remaining 

ins t ruments  and a l l  e n t r y  sc ience  suppor t  equipment (see s k e t c h ,  page 2-11). 

Power s t u d i e s  revea led  t h a t  t h e  r e l a t i v e l y  modest En t ry  Science Package power 

requirements are b e s t  supp l ied  from t h e  Capsule Bus p r i m e  power source.  This  cho ice  

r e s u l t e d  i n  a s i m p l e r  i n t e r f a c e  and a weight saving.  When t h e  b a t t e r i e s  are i n -  

cluded i n  t h e  Entry  Science  Package, checkout requirements f o r  p o s t - s t e r i l i z a t i o n  

moni tor ing of b a t t e r y  parameters r e q u i r e  a more complex i n t e r f a c e  between Capsule 

Bus and En t ry  Science Package t h a n  when p r i m e  power i s  passed a c r o s s  t h e  i n t e r f a c e .  

The b a t t e r y  redundancy t o  avoid a s i n g l e  mode malfunct ion i n c r e a s e s  system weight.  

Hence, t h e  C a p s u l e  Bus p r i m e  power source ,  a l r e a d y  redundant and monitored f o r  

p o s t - s t e r i l i z a t i o n  s t a t u s ,  has  been chosen. 

2.3.4 Summary of t h e  Science  S e l e c t i o n  f o r  En t ry  Science Package 

F igure  2.3-3 shows t h e  regimes of En t ry  Science  Package measurements. C e r t a i n  

techniques  over lap  t h e  regimes redundant ly  whi le  l e a v i n g  a few gaps i n  t h e  con t inu-  

ous measurement of s t r u c t u r a l  and composit ion p r o f i l e s  dur ing e n t r y .  

To meet t h e s e  o b j e c t i v e s  of paragraph 1 and provide  f u n c t i o n a l  redundancy as 

w e l l  as s i g n i f i c a n t  extended c a p a b i l i t y ,  a se t  of measurements and t h e i r  r e l a t e d  

ins t rumenta t ion  has  been s e l e c t e d  f o r  p re l iminary  design.  

Atmospheric S t r u c t u r e  Measurements - Densi ty  p r o f i l e  i s  t h e  most s i g n i f i c a n t  

measurement f o r  eng ineer ing  knowledge of t h e  atmospheric s t r u c t u r e .  F u n c t i o n a l l y  

redundant approaches have been s e l e c t e d  t o  provide  a d e n s i t y  p r o f i l e  throughout 

t h e  e n t i r e  e n t r y  t r a j e c t o r y .  Densi ty  i s  f i r s t  determined from t h e  drag equa t ion ,  

us ing t h e  wind t u n n e l  de r ived  drag c o e f f i c i e n t  and t h e  v e l o c i t y  p r o f i l e  computed 

from i n t e g r a t e d  accelerometer  t r i a d  d a t a .  

s t a g n a t i o n  p ressure  a t  t h e  apex of t h e  a e r o s h e l l  and through a p i t o t  probe a f t e r  

a e r o s h e l l  s t a g i n g  and then  compute d e n s i t y  from t h e  p i t o t  equa t ion .  

The second method i s  t o  measure t h e  

Densi ty  a t  t h e  ve ry  h igh  a l t i t u d e s ,  and a g a i n  a t  nea r  s u r f a c e  a l t i t u d e s  i s  de- 

r i v e d  by t h e  mass spect rometer  composit ion measurements. Thus, f o u r  techniques  

provide d e n s i t y  d a t a ,  and taken t o g e t h e r  i n  t h e  curve  f i t t i n g  technique desc r ibed  

i n  References 30 and 31, reduce t h e  spread of exper imenta l  e r r o r .  
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Static pressure is determined in the high speed regimes by integrating the 

density profile, and, under the assumption that the temperature gradient is small, 

by interpretation of the density gradient (Ref 7). In the low-speed range after 

staging the aeroshell, a stagnation pressure probe measures static pressure down 
to and at the surface, 

might favor a switch to static pressure ports on the side of the probe; the stag- 

nation pressure probe has been selected for preliminary design because of its sim- 
plicity and insensitivity to angle-of-attack. 

Even though wind tunnel tests on the eventual configuration 

After aeroshell staging, temperature is measured accurately with a conventional 

It is also derived from the density profile and discrete measurement at probe. 

aeroshell staging. During the high speed regime, temperature must be derived from 

a measurement of stagnation temperature at the nose of the aeroshell, the equation 
of state, and knowledge of gas composition. 

above Mach 5 are recognized, but the available alternatives do not provide improve- 
ment for ambient temperature measurement sufficient to warrant consideration. 

At these higher altitudes, temperature may also be inferred from composition 
changes at two different thermospheric levels (Ref 39 and 44). 

The inaccuracies in this measurement 

While many techniques for pressure and temperature measurement have promise, 
a l l  those requiring probes extending well forward of the aeroshell or through the 

shock front have been rejected for functional, installation, and operational 

simplicity. 

Water Vapor - Humidity or water vapor content is measured directly by a sensor 
exposed on the Capsule Bus after aeroshell staging. Redundant information is also 

obtained by two mass spectrometers operating in the free molecular and the low 

speed regimes. 

Composition by Mass Spectrometer - Atmospheric composition analysis is ap- 
proached by two methods, both employing mass spectrometers. The first uses a 
magnetic sector to quadrupole-pumping instrument in the low attitude regime after 

aeroshell staging. The approach is conventional, the sample being admitted from 

a probe through a calibrated leak. 
The second method measures composition in the upper atmosphere. It employs an 

open quadrupole instrument whose input is mounted facing forward on the aeroshell 
similar to that recently flown by L. M. Jones in the Orbiting Geophysical Observa- 
tory 3 satellite. It employs an electronic potential hill provided by a grid ahead 

of the ionization filament to exclude all molecules or ions having less than a thresh- 

o l d  kinetic energy, equivalent to the Flight Capsule entry velocity. Thus, 
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reflected molecules or ablation products from the aeroshell are prevented from 
entering the mass spectrometer. As pressure and heating rate rise in the inter- 

mediate atmosphere, the grids are burned away and this instrument goes out of 
action. 

This use of two mass spectrometers in functionally different applications 

provides high and low altitude information and assures at least one composition 

measurement in the event of failure of the aeroshell staging sequence. 

Redundant Inertial Instruments - Since atmospheric structure depends on tra- 
jectory knowledge, an alternative source is desired for the inertial data supplied 

by the accelerometer triad (part of the Entry Science subsystem). 

data is available from the Capsule Bus guidance and control subsystem. 

Bus contains an inertial measuring unit which redundantly measures the components 

of angular rate and linear acceleration. If the entry science accelerometer is 
lost, the Capsule Bus inertial data can substitute. If both sets of data are re- 

covered, the trajectory reconstruction process can use both. 

This alternate 

The Capsule 

Post-Flight Trajectory Reconstruction - Trajectory reconstruction will be ac- 
complished with the statistical estimation techniques described in paragraph 2 . 3 . 2 . 3 .  

The basic requirement for altitude and acceleration data are met by the altitude 

marking radar (part of the Capsule Bus), and the entry science accelerometer triad, 

Additional data on initial conditions are used if available from Spacecraft track- 

ing data. A best-estimate of the trajectory is first formulated. This estimate 
is then used in a filtering program to estimate the atmospheric density and aero- 

dynamic characteristics using all of the redundant data from the entry science in- 

struments, including the density profile found from stagnation pressure and mass 

spectroscopy. 

Instrument Arrangement - The instrument complement is divided into two groups, 
one mounted on the aeroshell for high speed measurement in the regimes before stag- 

ing, the other affixed to the Capsule Bus to operate after staging the aeroshell 

for near surface measurements and transmission before shutdown of the Capsule Bus. 

2.4 Entry Science Package Performance Summaries 

2.4.1 Communication Link Summary 

The Entry Science Package communication subsystem operates over a range of 

achievable deorbit and descent trajectories discussed in Volume 11. The worst- 

case signal performance margins anticipated during the indicated entry trajectories 

over the range of proposed mission profiles are shown in Table 2.4-1. The worst- 

case margin for the preferred nominal mission is included. The margins shown are 

the values that .exist after all negative tolerances (including fading) have been 

) 
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d deducted. The performance margin i s  t a b u l a t e d  f o r  each ind ica t ed  o r b i t  and re- 

f l e c t s  t h e  minimum margin t h a t  occurs  during each phase f o r  t h e  ind ica t ed  range 

of t a r g e t i n g  parameter, B y  and t h e  two atmosphere models (VM-8 and VM-9) t h a t  

bound t h e  communications geometry. The range of spacec ra f t  l ead  angles  (A) con- 
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s ide red  i n  t h e  t a b l e  are c o n s i s t e n t  wi th  t h e  descent  maneuver s t r a t e g y  d iscussed  

i n  Vol 11. Worst-case te rmina l  phase, landing dynamics, and su r f ace  s lope  are i n-  

cluded i n  t h i s  t a b l e .  

Table 2.4-2 demonstrates t h e  method of performance margin c a l c u l a t i o n s .  The 

parameters r ep re sen t  cond i t i ons  f o r  t h e  worst- case margin experienced over  t h e  

range of proposed mission p r o f i l e s  up t o  t h e  poin t  of touchdown. 

are found i n  paragraph 3.4. 

2.4.2 Power Requirements Summary 

Fur ther  d e t a i l s  

The Entry Science Package power p r o f i l e  i s  shown i n  Figure 2.4-1. The t o t a l  

energy requirement suppl ied  by t h e  Capsule Bus i s  60.55 watt- hr .  This  i s  j u s t  

1.8% of t h e  t o t a l  Capsule Bus  capaci ty.  The minimum power requi red  i s  62 wat ts ;  

the  maximum i s  295. 

2.4.3 Data P r o f i l e  Summary 

9 The Ent ry  Science Package d a t a  a r e  c o l l e c t e d  i n  f o u r  formats,  Three are used 

t o  c o l l e c t  and s t o r e  sc ience  and engineering d a t a  o t h e r  than  t e l e v i s i o n  (Fig. 2 . 4 - 2 ) .  

The fou r th  con ta ins  only t e l e v i s i o n  da ta .  

Format A i s  used t o  c o l l e c t  d a t a  from 800,000 f t  t o  i n i t i a t i o n  of t h e  TV and 

communications l i n k  a t  3000 f p s .  These d a t a  a r e  s t o r e d  i n  t h e  s t a t i c  s t o r a g e  u n t i l  

t h e  communication l i n k  i s  ac t iva t ed .  Sample  rates of 1716, 174, and 1 b i t / s e c  are 

provided. 

u n t i l  a e roshe l l  s tag ing .  Format C i s  then  used u n t i l  t h e  end of t h e  mission. It 

Format B y  wi th  d a t a  r a t e s  of 1 / 4  and 1 b i t / s e c ,  i s  used from 3000 f p s  

has  sample rate c a p a b i l i t i e s  of 1/8, 1 /4 ,  112, and 1 b i t / s e c .  The t e l e v i s i o n  for- 
m a t  uses a 1500-bit  l i n e ,  wi th  1440 b i t s  f o r  imaging and 60 b i t s  f o r  t iming,  iden-  

t i f i c a t i o n ,  and synchronizat ion.  Each l i n e  r equ i r e s  30 msec; 280 l i n e s  compose a 

complete p i c t u r e .  

Transmission of t h e  sc i ence  and engineer ing  d a t a  from t h e  s t a t i c  s t o r a g e  i s  

time-multiplexed with t h e  TV da ta .  A t e l e v i s i o n  image i s  t r ansmi t t ed  (8.4 sec) 

and during t h e  2-sec per iod  requi red  t o  acqu i r e  another  image, t h e  sc ience  and 

engineering d a t a  from t h e  s to rage  i s  played out .  The t ransmiss ion  ra te  f o r  a l l  

d a t a  i s  50 k b i t s / s e c .  
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Orbi t  (km) 

(Nominal Mission) 
1300 x 12,500 

1300 x 12,500 

800 x 8,000 

800 x 12,500 

1800 x 12,500 

1800 x 17,000 

B A Deorbi t  Tra jec to ry  Phase 

(deg) (deg) AB0 t o  TP* TP t o  TD* TD t o  TD + 1 

25 -10 f6.7 f7.6 +7.6 

10 t o  40 0 t o  -10 +4.6 +5.0 +3.3 

10 t o  40 0 t o  -10 +6.9 +6.1 +1.3 

10 t o  40 0 t o  -10 +6.7 +5.1 to .4 
10 t o  40 -10 +2.8 +3.1 f2.0 

10 t o  40 -10 +2.7t +3.1 +2.0 

+Case d e t a i l e d  i n  Table 2.4-2. 

Table 2.4-2 Worst-case Link Analysis 

Parameter 

1. Transmi t t e r  power 

2 .  Transmit t ing c i r c u i t  loss 

3. Transmit t ing antenna gain 

4 .  Transmit t ing antenna po in t ing  loss 

5 .  Space l o s s  F = 400 MHz; 
R = 2824 km 

6. P o l a r i z a t i o n  loss 

7 .  Receiving antenna ga in  

8. Receiving antenna po in t ing  loss  

9 .  Receiving c i r c u i t  loss  

10. Net c i r c u i t  loss 

11. Received c a r r i e r  power 

12. Receiver no i se  s p e c t r a l  dens i ty  

13. Prede tec t ion  no i se  bandwidth 
B i t  r a t e  = 5 0 / k  b i t s l s e c  

14. Receiver n o i s e  power 

15. Car r ie r- to- noise  r a t i o  i n  276 kHz 
Data Channel 
16. Threshold c a r r i e r - t o- n o i s e  r a t i o  

(Peb = 4 x 

allowance) 

WT = 6.6 d b )  
17. Performance margin (without fad ing  

18. Fading allowance 

19. Performance margin 

Svnc Channel 

20. E/No a t  synchronizer  inpu t  

21. B i t  sync c i r c u i t  loss  

22. 

23. Bandwidth improvement f a c t o r  

24. Signa l- to- no ise  r a t i o  i n  2 B 

25. Sync loop th resho ld  

26. Performance margin (without fad ing  
allowance) 

27. Fading allowance 

28. Performance margin 

(WT = 6.6 db) 

E/No a t  phase lock loop inpu t  

LO 

Value 

+44.8 dbm 

-1.0 db 

+5.0 db 

-1.2 db 

-153.5 db 

-0.2 db 

f8.0 db 

-0.9 db 

-1.0 db 

-144.8 db 

-100.0 dbm 

-170.6 dbm 

+53.6 db 

-117.0 dbm 

+17.0 db 

+4.4 db 

+12.6 db 

-2.2 db 

+10.4 db 

+23.6 db 

-7.8 db 

+15.8 db 

+30.0 db 

+45.8 db 

+20.0 db 

+25.8 db 

-2.2 db 

+23.6 db 

Tolera 
(+) 

1.0 
0 .o 
0.5 
-- 
-- 

0.2 

0.5 
-- 
0 .o 
1.2 

2.2 

1.0 

0 .4  

1.4 

3.6 

1 .o 

4.6 

2.0 

6.6 

3.6 

0.5 

4.1 

0.5 

4.6 

1 .o 
5.6 

2.0 

7.6 

,s(db) 

0.0 

0 .5  

0.5 

- 3 

-- 
-- 

0.3 

0.5 
-- 
0.5 

2.3 

2.3 

2.0 

0.4 

2.4 
4 :7 

1.0 

5.7 

2.0 

7.7 

4.7 

0 .5  

5.2 

0.5 

5 . 7  

1 .o 
6.7 

2 .o 
8.7 - 

Notes 

30w, min 

t36 deg 

Medium ga in  antenna 

-37 deg 

T = 1000"K, max 
SYS 

2 BLO = 50 Hz 

4 deg rms j i t t e r  

3 
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0 
a, 
VJ > 150 
u 
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Format A 

Spare (56) 

Science & 
Engineering 
(114) 

Timing & 
sync (34) 

Format B 

Spare (66%) 

Science & 
Engineering 
(103%) 

Timing & 
sync (34) 

Format C 

Spare (44%) 

Science & 
Engineering 
(172 -3/4) 

Timing & 
sync (31) 

Fig. 2.4-2 Entry Science Package Data Collection Summary 
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1 2.5 Checkout and Monitoring Studies 

Assembly and Acceptance - The Entry Science Package is checked out through 
assembly, environmental, and system tests up to terminal heat sterilization in a 

conventional manner. The simulated mission sequences are controlled by the opera- 

tional flight sequencer. Test data are obtained through the flight telemetry, sup- 
plemented by direct access connections where necessary for higher accuracy and/or 

frequency response. External stimuli and simulators for nonreversible functions 

and interface simulation are provided by the Operational Support Equipment as 

required. 

Prelaunch - Immediately before terminal heat sterilization, pyrotechnics and 
nonreversible experiment functions are installed and connected, as applicable, and 

the sterilization canister installed and sealed. 
time is limited to remote stimulus and monitoring, except for those elements lo- 
cated on the adapter or aft canister. 
is impractical in this configuration. 

tem test is conducted before and after the heat sterilization. The post-sterili- 

zation test is run or rerun within ten days of moving the vehicle to the launch 

pad, During the heat sterilization period, equipment safety monitors are obtained 

redundantly through special multiplexers in the Capsule Bus, powered and controlled 

by the Operational Support Equipment. 

Access to the system after this 

Testing pyrotechnics and deployment devices 
Within these constraints, a detailed sys- 

d 

At the completion of the post-sterilization operations, the Flight Capsule is 

married to the Spacecraft and a Planetary Vehicle Combined Systems Test is conduct- 

ed t o  verify functional compatibility between these elements. 

sequence is conducted through Flight Capsule/Spacecraft separation. The activities 

from this time on are limited to installing the launch vehicle shroud, transporting 

the entire assembly to the pad for installation on the launch vehicle, mating the 

Planetary Vehicle to the launch vehicle, and preparing the space vehicle for launch. 

The Entry Science Package systems are dormant during this entire period except for 
periodic status monitoring, Considering this inactive condition and the following 

factors : 

A simulated mission 

1) The time between the post-sterilization tests and launch is small compared 
to the time between launch and the initiation of the active Capsule Bus 

mission (-1/10) 

2) Approximately half of the predicted failures during this period cannot be 

detected by a practical check 
3) Conducting an active checkout increases the chances for failure. 
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An Entry Science Package systems t e s t  on t h e  launch pad does not  i nc rease  t h e  

p r o b a b i l i t y  of achiev ing  a succes s fu l  mission and i s  the re fo re ,  no t  a planned 

opera t ion .  

c r a f t  malfunct ion o r  v i o l e n t  weather should occur. This  c a p a b i l i t y  uses  t h e  

Spacecraf t  power and communication l i n k  and i s  c o n t r o l l e d  and monitored from t h e  

launch c o n t r o l  c e n t e r ,  

Checkout c a p a b i l i t y  i s  provided i f  an abnormal event  such as a Space- 

Hardware s a f e t y  c o n t r o l  and monitoring, and pe r iod ic  s ta tus  monitor ing i s  pro- 

vided f o r  u n t i l  launch. 

Mission - During t h e  boost ,  trans-Mars, and Mars o r b i t  i n j e c t i o n  phases, a l l  

Ent ry  Science Package systems except t h e  thermal  c o n t r o l  elements are dormant. 

S t a t u s  i s  monitored through t h e  Spacecraf t  systems. 

A t  i n i t i a t i o n  of t h e  Entry Science Package sequence by command from t h e  C a p s u l e  

Bus, t h e  Entry Science Package systems are a c t i v a t e d  and prepared f o r  t h e  e n t r y  

d a t a  ga ther ing  opera t ions .  

prevent  real-time Ear th  monitor ing and c o n t r o l  of t h e  ope ra t ions  from a c t i v a t i o n  t o  

t h e  end of t h e  Entry Science Package mission,  Therefore,  a l l  c r i t i c a l  a l t e r n a t i v e  

o r  backup modes must be s e l e c t e d  by onboard equipment during t h i s  per iod.  Check 

out  of t h e s e  func t ions  before  s epa ra t ion  i s  unnecessary and undes i rab le  because 

of malfunct ions t h a t  could be induced by t h i s  a c t i o n ,  

Communication t ransmiss ion  t i m e s  (8 t o  15 min one way) 

I n  summary, t h e  checkout philosophy i s  t o  provide special  s t i m u l i  f o r  tes ts  a t  

s p e c i f i c  times and po in t s ,  on ly  i f  t h a t  a c t i o n  a i d s  i n  achiev ing  t h e  mission ob- 

jectives. 
monitor ing these  tests  and by t h e  system performing i t s  requi red  opera t ions .  

2.6 Exceptions t o  t h e  C a p s u l e  Cons t r a in t s  Document 

Data f o r  d i agnos t i c  and performance eva lua t ion  purposes are obtained by 

Three features of t h e  p re fe r r ed  Ent ry  Science Package des ign  are i n c o n s i s t e n t  

wi th  s p e c i f i c  statements i n  t h e  Capsule c o n s t r a i n t s  document, However, t h e s e  ex- 

cep t ions  do not  v i o l a t e  t h e  i n t e n t  of minimizing t h e  i n t e r f a c e s  between t h e  system 

elements t o  t h e  e x t e n t  practical.  These f e a t u r e s  a r e :  

1) Primary power f o r  t h e  Ent ry  Science Package i s  suppl ied  from t h e  Capsule 

Bus 

More than  one primary command is  provided by t h e  Capsule Bus 

Common Ent ry  Science Package/Capsule Bus/Surface Laboratory antennas a r e  

used i n  t h e  Spacecraft-mounted capsu le  support  equipment. 

2) 

3) 

Separa te  primary power f o r  both equipment and pyrotechnic loads r e q u i r e s  four  

b a t t e r i e s  (two primary and two redundant) and t h e  necessary  b a t t e r y  chargers  and 
) 
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monitors.  

imposes an i n s i g n i f i c a n t  pena l ty  on t h e  3360 wat t- hr  supply  r equ i r ed  f o r  Capsule 

Bus loads.  S imi l a r ly ,  t h e  Capsule Bus pyrotechnic power source can e a s i l y  accom- 

modate t h e  t h r e e  pyrotechnic loads  i n  t h e  ESP without  i nc reas ing  i t s  c a p a b i l i t y .  

A t o t a l  system weight sav ing  of about  41 l b  i s  r e a l i z e d  by t h i s  design. 

Obtaining 60 wat t- hr  of energy f o r  equipment power from t h e  Capsule Bus :j 

To achieve  t h e  Entry Science Package o b j e c t i v e s  s a t i s f a c t o r i l y ,  many of t h e  

major events  must be i n i t i a t e d  by measuring Martian s u r f a c e  o r  atmospheric refer- 

enced parameters;  i . e . ,  r e l a t i v e  v e l o c i t y  and/or  a l t i t u d e .  Capsule Bus guidance 

and con t ro l  s enso r s  must measure t h e  r equ i r ed  parameters t o  perform t h e  Capsule 

Bus mission.  

s e p a r a t e  Entry Science Package sensors  t o  o b t a i n  t h e s e  d a t a  independently.  

Considerable  o v e r a l l  system s i m p l i c i t y  i s  r e a l i z e d  by n o t  r e q u i r i n g  

Space and weight l i m i t a t i o n s  on t h e  Spacecraf t  v i r t u a l l y  d i c t a t e  us ing  common 

antennas for t h e  Capsule Bus, Sur face  Laboratory, and En t ry  Science Package. The 

weight sav ing  i s  25 lb. 
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1 3. ENTRY SCIENCE PACKAGE SUBSYSTEMS 

* /  
3.1 Structures, Mechanisms, and Electronics Packaging 

This subsection discusses the structures, mechanisms, and electronics pack- 

aging of the preferred approach. The analyses for selecting the preferred approach 

and the alternatives considered are also summarized. 

3.1.1 Requirements and Constraints 

Structures, mechanisms, and packaging requirements and constraints applicable 

to the Entry Science Package are presented in Table 3.1-1. 

3.1.2 Preferred Preliminary Design 

Subsystem Definition - Functional Description - The function of the Entry 
Science Package is to gather and transmit entry science data in the form of tele- 

vision pictures, accelerations, atmospheric pressures and temperatures, and atmos- 

pheric constituents. The preferred design mounts the functional elements of entry 

science at two primary locations, one at the apex of the 70-deg aeroshell, the 

other on the Capsule Bus landing stage. In addition, an accelerometer triad is 

mounted on the roll axis on a cross beam interconnecting the transverse beams 

11 in. forward of the Capsule Bus center of gravity. The structures, mechanisms 

and electronics packaging subsystems, in conjunction with the cabling subsystem 

discussed elsewhere in the report, integrate the science instruments and support 

equipment into a functional system within the requirements presented in Table 

3.1-1. 

Aeroshell Instrument Mountinp (Fip. 3.1-1) - The instruments mounted at the 
apex of the aeroshell, including pressure and temperature sensors, a mass spec- 

trometer, and a television camera, are housed in a package mounted on a struc- 

tural access door that mates to the aeroshell primary structure. This arrange- 

ment permits mounting and demounting the entire package through the aeroshell nose. 

The structural access door consists of a 20-in.-diameter stiffened aluminum 

mounting plate that supports the 24-lb instrument package and also acts as a por- 

tion of the primary aeroshell structure. The outer surface of the plate is cov- 

ered with an ESA 3560 ablator, limiting the temperature of the plate to 300'F at 

the time the aeroshell is jettisoned. 

An oblong quartz window is mounted in the center of the plate to provide a 

view port for the television camera and the camera light sensor. Ports adjacent 

to the window allow access to the atmosphere for sampling and measuring by the 

mass spectrometer and pressure and temperature sensors. A cover, coated with 
silica phenolic ablator, mounts over the quartz window and sensor ports to protect 
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these elements from peak heating during entry, This cover, which is designed to 

have ballistic coefficient significantly greater than that of the entry capsule, 

is jettisoned by a pin-puller release system following peak heating at a signal 

from the science data subsystem with back-up from the capsule sequencer. 

A lightweight internal shield is installed over the science instruments to 
protect them during ground handling, and to establish a thermally controlled en- 

vironment during flight. The package is isolated from entry heating by thermal 

standoffs incorporated in the mounting structure. 

Following installation of the Entry Science Package in the aeroshell, the 

screw holes in the ablator are closed by ESA 3560 ablator inserts (Fig. 3.1-1 A-A). 
Outputs from the aeroshell-mounted experiments are routed through a harness 

containing a disconnect that is separated from the landing-stage package at aero- 

shell separation. 

Installation on Lander - The Entry Science electronics, power supply, and 
science instruments are assembled on a framework and mounted as a unit to the 

lander module (Fig. 3.1-2 and 3.1-3). All the electronics associated with the 
entry science are packaged according to the standardized packaging concept devel- 

oped for the Flight Capsule (Fig. 3 .114 ) .  The cabling subsystem provides the in- 

terconnection from this assembly to the aeroshell-mounted experiments and the 

accelerometer triad mounted below the Surface Laboratory. 

Four basic elements comprise the package structural subsystem: 

1) Base frame 3) Module mounting plate 

2) Base plate 4 )  Subsystem cover. 

The base frame houses the subsystem cabling and provides the thermal, mechan- 

ical, and electrical interface with the Capsule Bus structure and cabling subsys- 

tem. The base frame uses a channel structure. 

Subassemblies are mounted to the base frame top and the subsystem cover is 

bolted to the base frame. Connectors are rigidly attached to the base frame and 

face the cabling subsystem. 

Base frame covers are attached to the Capsule Bus side of the frame and pro- 

vide structural rigidity, environmental protection, and micrometeoroid protection 

for the subsystem. 

Subassembly frames support electronics modules, provide heat transfer paths, 

and serve as primary load-carrying members of the subsystem. 
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Subsystem covers serve as load carrying members, provide environmental, EM1 

and micrometeoroid protection, and provide a multisurface thermal radiator. 

Covers are screwed to each subassembly frame and the base frame. 

Sterilization of Assembled Components (Modules and Subassemblies) - Problems 
such as thermal stress relief and coefficient of expansion differences between 

materials could impose undue strain on interconnections and assemblies that could 

be detrimental or catastrophic to the electrical or mechanical functions of the 

package. Approaches to these problems include stress relief of component leads, 

use of compatible resilient compounds, use of materials unaffected by steriliza- 

tion temperature exposure, and fabrication and test of typical assemblies t o  en- 

sure valid performance. 

3.1.3 Analyses of Selection of Preferred Approach and Identification of Alter- 

natives Considered 

Entry Science Package Location Alternatives - Two alternative locations for 
the lander-mounted entry science equipment were considered. The first was adjacent 

to the fixed Surface Laboratory. This location provided a mounting volume capable 

of accommodating the entry science experiments plus their supporting equipment in 
h 
,i a single package. Two major problems were encountered as a result of this choice: 

1) The ability to provide the experiments simple access through the aeroshell 

for acquisition of television pictures, and atmospheric samples and meas- 

urements, before aeroshell separation 

2) Location in this area could complicate inclusion of a mobile Surface Lab- 

oratory for the 1975  mission if it were desirable to use the Entry Science 

Package again in 1975 .  

The second alternative was a location beneath the Surface Laboratory between 

the lander transverse beams. This location was undesirable because accessibility 

for installation, removal, and checkout was poor. 

Packaging Alternatives - Several packaging concepts were considered before 
selecting the preferred design approach. 

Table 3.1-1 have been considerations in the trade studies. Weight has been the 

primary consideration in the final selection. 

Requirements and constraints defined in 

Flat Plate and Shell - In the flat plate concept (Fig. 3.1-5) electronics 
modules are mounted to either side of the flat plate and the entire assembly 

(subsystem) enclosed with an outer sheet-metal shell. This approach eliminates 
/ >  

i individual case and covers and provides micrometeoroid protection while signifi- 

cantly reducing weight. However, the cover provides little structural support. 
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Bench Handling Tools 
T y p i c a l  Corner  Mounting Holes  

F i g .  3.1-5 F l a t  P l a t e  and S h e l l  Concept 

s 
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Also ,  t h i s  approach  does  n o t  permit  good the rmal  r a d i a t i o n  because  t h e  the rmal  

p a t h  t o  t h e  s h e l l  has  h i g h  r e s i s t a n c e .  

F l e x i b l e  p l a s t i c  s h e l l s  and c a s t  metal s h e l l s  were a l s o  c o n s i d e r e d  w i t h  t h e  

f l a t  p l a t e .  The f i r s t  w a s  d i s c a r d e d  due t o  l a c k  of EM1 and micrometeoroid  pro-  

t e c t i o n ,  the rmal  problems, and poor hand l ing  c h a r a c t e r i s t i c s .  Weight p e n a l t i e s  

were t h e  primary r e a s o n  f o r  d i s c a r d i n g  t h e  cast  metal s h e l l s .  

I n t e g r a t e d  Box Truss  - F i g u r e  3.1-6 shows t h e  i n t e g r a t e d  box t r u s s  concep t .  

It u s e s  a n  o u t e r  s h e e t- m e t a l  s k i n  t o  p r o t e c t  uncased i n t e r n a l  e l e c t r o n i c s  equ ip-  

ment. The s k i n  a l s o  c a r r i e s  p a r t  of t h e  s t r u c t u r a l  l o a d .  The e l e c t r o n i c s  assem- 

b l i e s  c o n t r i b u t e  v e r y  l i t t l e  t o  t h e  s t r u c t u r e  as load  c a r r y i n g  members. Nonop- 

timum thermal  t r a n s f e r  p r o p e r t i e s  e x i s t  u n l e s s  t h e  subassembl ies  are  mounted 

d i r e c t l y  on t h e  o u t e r  s k i n s .  

I n t e g r a t e d  S t r u c t u r e  - The i n t e g r a t e d  s t r u c t u r e  approach ( F i g .  3.1-4) i s  t h e  

p r e f e r r e d  d e s i g n .  It s t a n d a r d i z e s  t h e  e l e c t r o n i c s  packaging and p r o v i d e s  f o r  

e l e c t r o n i c s  equipment growth.  The weight  comparisons of  t h e  concep t s  c o n s i d e r e d  

show t h a t  t h e  p r e f e r r e d  concept  accomplished i t s  primary d e s i g n  g o a l  of s a v i n g  

weigh t .  

Vendor Suppl ied /- Modules 

P o t t e d  Modules /- 

,-- Exposed C i r c u i t s  

F ig .  3.1-6 I n t e g r a t e d  T r u s s  Concept 
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3.2 E n t r y  Sc ience  Package Thermal C o n t r o l  

T h i s  s u b s e c t i o n  d i s c u s s e s  t h e  requ i rements  and c o n s t r a i n t s  and s e l e c t i o n  of t i  

t h e  p r e f e r r e d  approach f o r  the rmal  c o n t r o l .  

3 . 2 . 1  Requirements  and C o n s t r a i n t s  

The the rmal  environments  t o  which t h e  e n t r y  s c i e n c e  equipment w i l l  be s u b j e c t -  

e d  a r e  summarized i n  Tab le  3.2-1.  The equipment o p e r a t i n g  and nonopera t ing  temper-  

a t u r e  l i m i t s ,  w e i g h t ,  s i z e ,  power o u t p u t  and d u t y  c y c l e  a r e  g i v e n  i n  T a b l e  3 . i - 2 .  

3.2.2 P r e f e r r e d  P r e l i m i n a r y  Design 

D e s c r i p t i o n  - The fundamental  o b j e c t i v e  o f  t h e  the rmal  c o n t r o l  sys tem i s  t o  

m a i n t a i n  t h e  e n t r y  s c i e n c e  equipment w i t h i n  t h e  r e q u i r e d  t empera tu re  ranges  by 

p a s s i v e  means. The Capsule  Bus h e a t e r s  and i n s u l a t i o n  p r o t e c t  t h e  E n t r y  Sc ience  

Package through t h e  c r u i s e  mode t o  s e p a r a t i o n .  However, d u r i n g  t h e  d e s c e n t  t ra-  

j e c t o r y ,  t h e  e x t e r n a l  s c i e n c e  equipment must be  h e a t e d  d u r i n g  t h e  c o a s t  p e r i o d  

and p r o t e c t e d  from a e r o h e a t i n g  d u r i n g  t h e  e n t r y  p e r i o d .  

The thermal  c o n t r o l  sys tem t h a t  p r o v i d e s  t h i s  p r o t e c t i o n  i s  shown i n  F i g .  3.2-1.  

It i s  composed o f  two i n s u l a t e d  compartments; one e n c l o s e s  t h e  main e n t r y  s c i e n c e  

equipment,  t h e  o t h e r  e n c l o s e s  t h e  aeroshel l-mounted equipment.  The e x t e r n a l  e n t r y  

s c i e n c e  equipment,  which i n c l u d e s  t h e  UHF r e l a y  a n t e n n a  and t h e  t e r m i n a l  d e s c e n t  

and l a n d i n g  probe assembly,  do n o t  r e q u i r e  thermal  c o n t r o l .  
j 

Main Equipment Package - The main equipment package i s  i n s u l a t e d  a g a i n s t  base  

aerodynamic h e a t i n g  and t h e r m a l l y  coupled t o  t h e  high-mass v e r n i e r  p r o p e l l a n t  

t a n k s .  One- eighth  i n c h  o f  SLA 561 i s  used a s  a b a s e  h e a t i n g  i n s u l a t i o n  on t h e  

e x t e r i o r  o f  t h e  package; t h e  SLA 561 i s  used f o r  i n s u l a t i o n  o n l y  and w i l l  n o t  

a b l a t e .  Underneath t h e  SLA 561 a r e  two l a y e r s  of m u l t i l a y e r  i n s u l a t i o n  t h a t  l i m i t  

h e a t  l o s s  t o  s p a c e  d u r i n g  t h e  d e s c e n t  t r a j e c t o r y .  The m u l t i l a y e r  i n s u l a t i o n  i s  

g o l d- p l a t e d  mylar  s h e e t  s e p a r a t e d  by d u a l  s h e e t s  o f  s i l k ;  t h i s  i s  t h e  same material  

used f o r  t h e  Capsule  Bus main i n s u l a t i o n  system.  The power d u t y  c y c l e  o f  t h e  

equipment i s  s h o r t  and t h e  h e a t  g e n e r a t e d  d u r i n g  o p e r a t i o n  c a n  be  absorbed i n  t h e  

equipment w i t h o u t  producing a n  e x c e s s i v e  t empera tu re  r i se .  The o n l y  component 

i n  t h e  main E n t r y  Sc ience  Package t h a t  r e q u i r e s  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  

h e a t e r  i s  t h e  TV. 

Aeroshell-Mounted Equipment Package - The e x t e r n a l  TV camera, quadrupole  ~ 2 ~ s  

s p e c t r o m e t e r ,  s i g n a l  c o n d i t i o n e r  u n i t ,  s t a g n a t i o n  p r e s s u r e  assembly,  and t o t a l  

t empera tu re  assembly are  i n  t h e  aeroshel l-mounted equipment package (Fig . .3 .2-1) .  

A l l  t h i s  equipment i s  enc losed  i n  a c o n t a i n e r  and mounted on a p l a t e  t h a t  i s  
I 
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t h e r m a l l y  i s o l a t e d  from t h e  a e r o s h e l l .  

t h e  mounting p l a t e  and t h e  a e r o s h e l l  and on t h e  i n t e r i o r  o f  t h e  c o n t a i n e r .  

t empera tu re  i n s i d e  t h e  package i s  c o n t r o l l e d  by se r ies-para l le l ,  b i m e t a l l i c  thermo- 

s ta t s  t h a t  c o n t r o l  power t o  a s i n g l e  wire-mesh- type h e a t e r  w i t h  i n t e r n a l l y  redun-  

d a n t  e lements .  

M u l t i l a y e r  i n s u l a t i o n  i s  i n s t a l l e d  between 

The 

Main Equipment Package Performance - A t  s e p a r a t i o n  from t h e  S p a c e c r a f t ,  t h e  

E n t r y  Sc ience  Package equipment i s  c o n t r o l l e d  t o  between 50 and 60°F by t h e  Capsule  

Bus thermal  c o n t r o l  system d e s c r i b e d  i n  Vol 11, Sect  I, S u b s e c t i o n  3.2.  The main 

equipment package t empera tu re  i n c r e a s e s  less  t h a n  5°F o r  d e c r e a s e s  less  t h a n  10°F 

d u r i n g  t h e  d e s c e n t  t r a j e c t o r y .  

when commencing o p e r a t i o n  a t  about  45 min b e f o r e  l and ing .  F i g u r e  3.2-2 shows t h e  

a d i a b a t i c  t empera tu re  r i s e  of t h e  equipment d u r i n g  o p e r a t i o n  and t h e  o p e r a t i n g  

t empera tu re  l i m i t s .  The d a r k  l i n e s  i n  F i g .  3.2-2 a r e  t h e  a l l o w a b l e  l i m i t s  a t  t h e  

s t a r t  o f  o p e r a t i o n ,  which were  c a l c u l a t e d  by s u b s t r a c t i n g  t h e  a d i a b a t i c  tempera-  

t u r e  r i se  from t h e  o p e r a t i n g  t empera tu re  l i m i t s .  A l l  equipment i s  w e l l  w i t h i n  

t h e  a l l o w a b l e  range  a t  t h e  s t a r t  of o p e r a t i o n  (da rk  l i n e s )  w i t h  t h e  e x c e p t i o n  o f  

t h e  TV camera. The TV camera, t h e r e f o r e ,  has  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r ,  

a low- emiss iv i ty  c o a t i n g ,  and i s  t h e r m a l l y  i s o l a t e d  from t h e  r e s t  of t h e  equipment 

by s t a n d o f f s .  It w i l l  r e q u i r e  l e s s  t h a n  1 w t o  m a i n t a i n  i t s  t empera tu re .  The 

t empera tu re  r i s e  o f  t h e  main equipment package, due t o  t h e  w o r s t  expected a e r o -  

dynamic h e a t i n g ,  i s  15°F. (The d e s c e n t  computer model and noda l  breakdown are 

shown i n  Volume 11, S e c t  I, S u b s e c t i o n  3 . 2 ) .  

T h e r e f o r e ,  t h e  package w i l l  be  between 40 and 65°F 

Aeroshell-Mounted Equipment Performance - The aeroshel l-mounted equipment 

w i l l  be  between 50 and 60°F a t  t h e  s t a r t  of  t h e  d e s c e n t  t r a j e c t o r y .  

h e a t  l o s s  through t h e  i n s u l a t i o n  and thermal  s t a n d o f f s  w i l l  n o t  exceed 5 w d u r i n g  

d e s c e n t .  T h e r e f o r e ,  t h e  TV camera lower o p e r a t i n g  t empera tu re  l i m i t ,  60°F, must 

be p r o t e c t e d  by a 5 w t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r  a c t i v a t e d  a t  s e p a r a t i o n .  

The t o t a l  

During e n t r y ,  t h e  package w i l l  be exposed t o  t h e  b a s e  aerodynamic h e a t i n g  

g iven  i n  F i g .  3.2-3.  The o u t e r  c o n t a i n e r  w i l l  approach t h e  r a d i a t i o n  e q u i l i b r i u m  

tempera tu re  o f  550°F a t  t h e  peak h e a t  f l u x  o f  0 .3  B t u l s e c - s q  f t .  

maximum tempera tu re  r i s e  of t h e  i n s i d e  equipment i s  on ly  6°F. 

t h e  a d i a b a t i c  t empera tu re  r i s e  of  t h e  equipment is:  

However, t h e  

During o p e r a t i o n ,  

1) TV camera, 5°F 

2 )  Quadrupole mass s p e c t r o m e t e r ,  24°F 

3) S i g n a l  c o n d i t i o n e r  u n i t ,  22°F 

4 )  S t a g n a t i o n  p r e s s u r e  t r a n s d u c e r ,  13OF. 
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3.2- 3 

I 

T a b l e  3 .2- 1  Thermal Environments and C o n s t r a i n t s  

Miss ion  Phase 

1. S t e r i l i z a t i o n  

2 .  Ground Hold & 
Checkout 

3 .  Launch 

4.  Park O r b i t  

5 .  C r u i s e  Mode 

G. Power I n t e r r u p t i o n  

7.  Midcourse C o r r e c t i o n  

8.  Mars O r b i t  I n j e c t i o n  

9 .  P r e s e p a r a t  i o n  
Checkout 

10. Descent  T r a j e c t o r y  

11. Ent ry  

-I; 275°F f o r  q u a l i f i c a t i o n  

Environment 

257"Pk f o r  24.5 h r  

A i r  - cond i t ioned  e n v i r o n-  
ment 50 t o  70°F 

Maximum h e a t  f l u x  from 
aerodynamic shroud 
45 w/sq f t  

Space: s o l a r ,  a lbedo  , 
e a r  th-emi t t ed r a d i a t i o n  

Capsule  r a d i a t i n g  t o  
space ,  shadowed by 
S p a c e c r a f t  

Same a s  5 

D i r e c t  s o l a r  

D i r e c t  s o l a r  

Same as 5 

Space environment: 
s o l a r ,  Mars a lbedo ,  & 
em i t t ed r a d  i a t i on 

Same a s  10 p l u s  
a e r o h e a t i n g  

Comment 

Minimize t ime t o  
h e a t  and cool .  

Enclosed i n  s t e r i l i -  
z a t i o n  c a n i s t e r  

Maximum 90 min, lower 
p l a n e t a r y  v e h i c l e  i n  
a shroud 

Minimize h e a t  exchange 
w i t h  S p a c e c r a f t ,  Maxi- 
mum o f  200 w a v a i l a b l e  
from S p a c e c r a f t  

Maximum 3.3 h r  i n  
any 24-hr 

Maximum 1 h r  

Maximum 1 hr  

Power a p p l i e d  f o r  2.5 
h r  b e f o r e  s e p a r a t i o n  

Maximum 10 h r  
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With t h e  package c o n t r o l l e d  t o  a minimum of  60°F by t h e  t h e r m o s t a t i c a l l y  c o n t r o l l e d  

h e a t e r ,  a l l  components w i l l  remain w e l l  w i t h i n  t h e i r  o p e r a t i n g  l i m i t s .  

Other E x t e r n a l  Equipment Performance - I n  a d d i t i o n  t o  t h e  equipment d i s c u s s e d  

above,  t h e  UHF r e l a y  an tenna  i s  mounted on t h e  s i d e  o f  t h e  E n t r y  Sc ience  Package 

main compartment, a t o t a l  t empera tu re  s e n s o r  and humidi ty  s e n s o r  a r e  p a r t  o f  t h e  

probe mounted on t h e  bottom of  t h i s  compartment, and t h e  acce le romete r  t r a i d  i s  

l o c a t e d  i n s i d e  t h e  S u r f a c e  Labora to ry .  None o f  t h e s e  r e q u i r e  thermal  c o n t r o l .  

They w i l l  be  above minimum o p e r a t i n g  t empera tu re  d u r i n g  d e s c e n t  t r a j e c t o r y  c o a s t  

and below maximum l i m i t  d u r i n g  e n t r y  because  they  are  p r o t e c t e d  by t h e  Sur face  

Labora to ry  o r  t h e  a e r o s h e l l .  

Capsule  Bus I n t e r f a c e s  - The Capsule  Bus i n t e r f a c e s  a r e :  

1) During c r u i s e  t h e  Capsule  Bus c o n t r o l s  t h e  En t ry  Sc ience  Package tempera-  

t u r e s  w i t h i n  l i m i t s  

2 )  A t  s e p a r a t i o n ,  t h e  E n t r y  Sc ience  Package t empera tu res  w i l l  be  between 50 

and 60°F 

3 )  A l l  t h e  t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r s  a r e  e n e r g i z e d  a t  s e p a r a t i o n .  

R e l i a b i l i t y  I n t e r f a c e s  - The a l l o c a t e d  r e l i a b i l i t y  f o r  t h e  E n t r y  Science Pack- 

) age  s t r u c t u r a l ,  mechanical ,  and the rmal  c o n t r o l  system i s  0.992; t h e  p r e d i c t e d  

r e l i a b i l i t y  o f  t h e  p r e f e r r e d  d e s i g n  i s  0.9999. The o n l y  s i n g l e  f a i l u r e  mode i n  

t h e  system i s  a s t r u c t u r a l  f a i l u r e  o f  t h e  i n s u l a t i o n  sur rounding  t h e  main com- 

par tment  and e x t e r n a l  s c i e n c e  package.  Before  u s e ,  t h e  s e l e c t e d  i n s u l a t i o n  w i l l  

be thoroughly  t e s t e d  t o  l e v e l s  w i t h  adequa te  margins  above t h e  expected v i b r a t i o n  

and shock l o a d s .  A l l  h e a t e r s  are  t h e  wire-mesh type  whose o p e r a t i o n  i s  i n s e n s i -  

t i v e  t o  i n t e r n a l  open o r  s h o r t  c i r c u i t i n g .  Redundant t h e r m o s t a t s  i n  s e r i e s - p a r a l -  

l e1  a re  used th roughout  t h e  system t o  c o n t r o l  h e a t e r  o p e r a t i o n .  

E f f e c t s  o f  S t e r i l i z a t i o n  on t h e  Thermal Design - The s t e r i l i z a t i o n  e f f e c t s  a r e :  

1) L i m i t  mater ia l  s e l e c t i o n ,  p a r t i c u l a r l y  i n s u l a t i o n ;  g o l d- p l a t e d  m u l t i l a y e r  

i n s u l a t i o n  was chosen f o r  t h e  E n t r y  S c i e n c e  Package p r i m a r i l y  because  o f  

e t h y l e n e  o x i d e  r e s i s t a n c e .  Aluminum c o a t i n g  i s  t h e  o t h e r  c a n d i d a t e ;  

however, e t h y l e n e  ox ide  and w a t e r  can c o l l e c t  between t h e  l a y e r s  and cause  

t h e  aluminum t o  c o r r o d e  

Checkout of t h e  t h e r m o s t a t  s e t t i n g s  a f t e r  complet ion of t h e  s t e r i l i z a t i o n  

c y c l e  i s  d i f f i c u l t .  
2) 
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3.2.3 Selection of the Preferred Approach 

Analysis shows that a passive system consisting of insulation, coatings, and 

thermostatically controlled heaters is adequate. Because this system is simple, 

reliable, and lightweight, the other more complicated approaches were not con- 

sidered. 

i 
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3 . 3  E n t r y  Sc ience  Subsystem 

Measurement o b j e c t i v e s  o f  t h e  e n t r y  exper iment  a re  i n  Subsection 1. The 

f o l l o w i n g  i s  a f u n c t i o n a l  d e s c r i p t i o n  o f  t h e  s c i e n c e  subsystem i n  t h e  E n t r y  Sc i-  

ence  Package d e s i g n e d  t o  make t h e s e  measurements.  Equipment d e s c r i b e d  c o n s i s t s  

o f  t h e  i n s t r u m e n t s  and t h e  e l e c t r o n i c s  equipment n e c e s s a r y  t o  c o n t r o l  and sequence 

t h e  a c q u i s i t i o n  and f o r m a t t i n g  of  s c i e n c e  d a t a .  I n  a broad s e n s e ,  t h e  i n p u t  t o  

t h e  s c i e n c e  subsystem i s  t h e  response  o f  t h e  i n s t r u m e n t  s e n s o r s  t o  s t i m u l u s  by 

t h e  e n t r y  environment .  I t s  o u t p u t  i s  a f o r m a t t e d  d i g i t a l  b i t  stream o f  encoded 

s c i e n c e  d a t a  

3 . 3 . 1  Requirements  and C o n s t r a i n t s  

Tab le  3 .3- 1  summarizes t h e  b a s i c  r e q u i r e m e n t s  and c o n s t r a i n t s  govern ing  p r e-  

l i m i n a r y  d e s i g n  o f  t h e  s c i e n c e  subsystem.  These a r e  main ly  a r e - s t a t e m e n t  o f  

t h o s e  g i v e n  i n  Ref 1. 

3 . 3 . 2  The P r e f e r r e d  P r e l i m i n a r y  Design 

The r o l e  o f  e n t r y  s c i e n c e  subsystem equipment h a s  been d e s c r i b e d  i n  Subsec-  

t i o n  2 .  I d e n t i f i c a t i o n  o f  major  components and d e t a i l s  o f  mounting were p r e s e n t e d  

i n  Subsec t ion  3 . 1 .  The f o l l o w i n g  p a r a g r a p h s  g i v e  a f u n c t i o n a l  d e s c r i p t i o n  o f  

t h e  E n t r y  Sc ience  Subsystem developed t o  meet t h e  o b j e c t i v e s  o f  Phase B p r e l i m -  

i n a r y  d e s i g n .  
1 

P r e s e n t a t i o n  c e n t e r s  around a b l o c k  diagram ( F i g .  3 . 3 - l ) ,  which shows t h e  

subsystem f u n c t i o n a l  e l e m e n t s  and g i v e s  t h e  i n t e r a c t i o n s  between them. These 

e lements  were d e f i n e d  t o  a l e v e l  f o r  which i n p u t  and o u t p u t  i n f o r m a t i o n  cou ld  

be  s p e c i f i e d  f o r  f u t u r e  d e t a i l e d  d e s i g n .  

tem b o u n d a r i e s .  

The b l o c k  diagram a l s o  shows s u b s y s-  

F u n c t i o n a l  d e s c r i p t i o n s  i n c l u d e :  

1) D e f i n i t i o n  o f  t h e  subsystem 

2)  D e s c r i p t i o n s  o f  t h e  major subassembl ies  

3 )  L i s t s  o f  t h e  sequence o f  f u n c t i o n s  i n  o p e r a t i o n  

4 )  Sta tement  o f  performance i n  t e rms  o f  s c i e n c e  d a t a  r e t u r n  

5) T r a n s f e r  f u n c t i o n s  f o r  t h e  i n s t r u m e n t s  

6) A t a b u l a t i o n  o f  w e i g h t ,  power, and volume 

7 )  A t a b u l a t i o n  o f  t h e  i n p u t - o u t p u t  i n t e r a c t i o n  e l e m e n t s  so t h a t  t h e  sub-  

sys tem hardware can  be  d e s i g n e d .  

MARTIN MARIE-A CORPORATION 
D E N V E R  D I V I S I O N  



3.3-2 

m 
U 
c .rl 
m 
N 
U 
m 

V 
a 

g 

5 

$ 
5 

m 
U 

N 
.rl 
7 
G- 
a, 
& 

E 
2 
U 
m 

P 
1 
m 
a, 

8 
.rl 
0 
03 

h 
$4 
U 
e 
w 

rl 
I 

-* 
cr) 

a, 
rl 
P 

E-r 

FR-22-103 Vol IV Sect I 

3 
#-I 

U 
F 

oa, 
0 0  
o m  - a ,  
0-3 
0 
C 4 4  

E h  
O M  
$4u 

U 
G 

w a ,  
0 0  
m a ,  
u a  
2 4  

h 
U 
.A 
rl 
rl 
P 
rd a 
rd 
0 

a, 
M 
rd 
$4 

U 
m 
a 
U 

a 
a, a 

-rl 

1-1 
pl 

g 

MARTIN MARII-A OORPORArION 
D E N V E R  D I V I S I O N  



3.3-3 

FR-22-103 Vol IV Sect I 

? 
d 
m 
m . 0 

0 u 

m u 
n 
M 

m 
rl 

8 

v1 . m 

)r 

B 
Pi 

-+ 
I 

c 
M 
.Pi 

I 

$ 
m 

e 
m 

h 
u 
w 

M A R Y B N  M A R B E W A  C O R P O R A Y B O N  
D E N V E R  DIVISION 



3 .3 -4  
FR-22-103 Vol I V  Sec t  I 

3 .3 .2 .1  Subsystem D e f i n i t i o n  

Equipment - The e n t r y  s c i e n c e  subsystem compr i ses  t h e  s c i e n c e  i n s t r u m e n t s ,  

i n s t r u m e n t  p robes ,  s c i e n c e  d a t a  subsystem (SDS), a s s o c i a t e d  s i g n a l  c o n d i t i o n i n g  

u n i t s  and e n g i n e e r i n g l s t a t u s  i n s t r u m e n t s .  The l o c a t i o n  and i n s t a l l a t i o n  o f  t h e  

hardware e lements  a r e  shown i n  F i g .  3.1-1 and 3.1-2.  The equipment i s  mounted 

i n  t h r e e  l o c a t i o n s ;  a t  t h e  apex  of  t h e  a e r o s h e l l  f o r  i n s t r u m e n t s  t h a t  a c q u i r e  

d a t a  b e f o r e  s t a g i n g ;  n e a r  t h e  Capsule  Bus  cg  f o r  t h e  a c c e l e r o m e t e r  t r i a d ,  which 

a c q u i r e s  d a t a  th roughout  e n t r y ;  and i n  a n  E n t r y  Sc ience  Package equipment module 

on t h e  Capsule  B u s  f o r  i n s t r u m e n t s  tha t  a c q u i r e  d a t a  a f t e r  s t a g i n g .  The s i g n a l  

c o n d i t i o n i n g  e l e c t r o n i c s  and SDS u n i t s  a r e  a l s o  i n  t h i s  module. 

F u n c t i o n a l  D e s c r i p t i o n  - F i g u r e  3.3-1 i s  a b l o c k  diagram o f  t h e  e n t r y  s c i e n c e  

subsystem.  The i n s t r u m e n t s  and i n s t r u m e n t  p robes  a r e  i n  two g roup ings  based on 

g e n e r a l  l o c a t i o n  - -  on t h e  a e r o s h e l l  o r  on t h e  Capsule  B u s .  The f u n c t i o n a l  a s s o -  

c i a t i o n  o f  t h e  i n s t r u m e n t s  w i t h  t h e  s i g n a l  c o n d i t i o n i n g  u n i t s  and t h e  d a t a  c o l -  

l e c t i o n ,  s t o r a g e ,  and m u l t i p l e x i n g  c h a n n e l s  w i t h i n  t h e  SDS i s  shown. 

Vibra t ing- d iaphragm and s t r e tched- d iaphragm s t a g n a t i o n  p r e s s u r e  s e n s o r s  a r e  

a t  t h e  apex  of  t h e  a e r o s h e l l .  The s i g n a l  c o n d i t i o n i n g  e lements  f o r  t h e  former  

a r e  l o c a t e d  i n  t h e  a e r o s h e l l  s i g n a l  c o n d i t i o n e r ,  t h o s e  of t h e  l a t t e r  a r e  s e l f -  

c o n t a i n e d .  The i n s t r u m e n t s  s ample  from a common probe mounted th rough  t h e  apex  

o f  t h e  a e r o s h e l l  ( c l o s e  t o  t h e  q u a r t z  window). The e n t r y  phase  mass spectrom- 

e t e r  i s  a d j a c e n t  t o  t h e  q u a r t z  window w i t h  i t s  i o n  s o u r c e  through t h e  a e r o s h e l l .  

A l l  a s s o c i a t e d  s i g n a l  c o n d i t i o n i n g  e l e c t r o n i c s  and e n g i n e e r i n g  s e n s o r s  a r e  pack-  

aged w i t h i n  t h e  i n s t r u m e n t .  Both t h e  e n t r y  t e l e v i s i o n  camera and t o t a l  temper- 

a t u r e  p robe  a r e  exposed f o r  o p e r a t i o n  when t h e  window cover  i s  e j e c t e d  a t  t e r -  

m i n a t i o n  o f  t h e  e n t r y  h e a t  p u l s e .  The camera i s  p r o t e c t e d  w i t h  a n  i n t e r n a l  l e n s  

cover  t h a t  i s  removed e l e c t r o m e c h a n i c a l l y  f o r  each  exposure .  A l l  equipment i s  

e l e c t r i c a l l y  connected t o  e l e m e n t s  l o c a t e d  i n  t h e  Capsule  Bus by a s i n g l e  c a b l e  

assembly p a s s i n g  th rough  a n  e l e c t r i c a l  d i s c o n n e c t .  

The a c c e l e r o m e t e r  t r i a d  i s  l o c a t e d  on t h e  Capsu le  Bus  ahead o f  and n e a r  t h e  

c g .  It c o n s i s t s  o f  t h r e e  f o r c e  b a l a n c e  a c c e l e r o m e t e r s  on a common base  w i t h  

t h e i r  s e n s i n g  axes m u t u a l l y  normal and p a r a l l e l  t o  t h e  p r i n c i p a l  a x e s  o f  t h e  

F l i g h t  Capsu le .  Servo a m p l i f i e r  and power c o n d i t i o n i n g  c i r c u i t  e l ements  f o r  

t h e s e  i n s t r u m e n t s  a r e  i n  t h e  E n t r y  Sc ience  Package equipment-module s i g n a l - c o n -  

d i t i o n i n g  u n i t .  
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Humidity, t o t a l  t empera tu re ,  t o t a l  p r e s s u r e ,  and t e r m i n a l- p h a s e  mass spec-  ,) 
t r o m e t e r  measurement samples a re  t a k e n  th rough  i n d i v i d u a l  f i x e d  p r o b e s  a f t e r  

a e r o s h e l l  s t a g i n g .  

ment module and ex tend  t o  t h e  s i d e  w i t h  open ings  p o i n t i n g  downward. The alum- 

inum-oxide humid i ty  s e n s o r  i s  mounted on t h e  probe and i t s  a s s o c i a t e d  e l e c t r o n i c s  

are i n  t h e  s i g n a l  c o n d i t i o n e r .  The t o t a l - t e m p e r a t u r e  ( thermocouple  a r r a y )  probe 

a l s o  h a s  i t s  a s s o c i a t e d  e l e c t r o n i c s  i n  t h e  s i g n a l  c o n d i t i o n e r .  The s t r e t c h e d  d i -  

aphragm p r e s s u r e  t r a n s d u c e r  c o n t a i n s  i t s  a s s o c i a t e d  e l e c t r o n i c s .  The t e r m i n a l  

phase  mass s p e c t r o m e t e r  a l s o  c o n t a i n s  i t s  a s s o c i a t e d  e l e c t r o n i c s  and e n g i n e e r i n g  

s e n s o r s  and i n  a d d i t i o n ,  a c a l i b r a t i o n  g a s  s amp le  i s  c a r r i e d  f o r  t h i s  i n s t r u m e n t .  

The i n s t r u m e n t  i s  p y r o t e c h n i c a l l y  a c t i v a t e d  and c a l i b r a t e d .  The narrow-angle 

t e l e v i s i o n  camera i s  i n  t h e  E n t r y  S c i e n c e  Package equipment module f o r  h i g h - r e s o -  

l u t i o n  imaging d u r i n g  terminal d e s c e n t .  It s h a r e s  t h e  t e l e v i s i o n  e l e c t r o n i c s  

u n i t  w i t h  t h e  wide- angle  camera. The t e l e v i s i o n  e l e c t r o n i c s  u n i t  c o n t a i n s  a s e p -  

arate  and complete  group of e l e c t r o n i c s  f o r  each camera, as w e l l  as s i g n a l  cond i-  

t i o n i n g  c i r c u i t r y  f o r  a l l  t e l e v i s i o n  e n g i n e e r i n g  measurements.  

These  p r o b e s  are mounted a t  t h e  E n t r y  Sc ience  Package equ ip-  

The s c i e n c e  d a t a  subsystem (SDS) i s  i n  t h e  E n t r y  Sc ience  Package equipment 

/l 
module and c o n s i s t s  b a s i c a l l y  o f  c o n t r o l  u n i t  and SDS s t o r a g e  u n i t .  A s  shown i n  

F i g .  3.3-1, t h e  SDS c o l l e c t s  a n a l o g  d a t a  samples from t h e  s c i e n c e  i n s t r u m e n t s ,  

c o n v e r t s  t h e  samples t o  1 0 - b i t  b i n a r y  code and m u l t i p l e x e s  t h e s e  d a t a  w i t h  b u f-  

f e r e d  d i g i t a l  d a t a  from t h e  mass s p e c t r o m e t e r s  i n t o  a d i g i t a l  d a t a  s t r eam t h a t  i s  

s e r i a l l y  w r i t t e n  i n t o  t h e  s t o r a g e  u n i t .  The s t o r e d  d a t a  a re  r e a d  o u t  t o  t h e  com- 

munica t ions  subsystem on a t i m e  s h a r i n g  b a s i s  w i t h  t h e  TV d i g i t a l  d a t a  when t h e  

UHF r e l a y  l i n k s  a r e  r a d i a t i n g  t o  t h e  S p a c e c r a f t .  The SDS p r o v i d e s  two redundan t  

d a t a  o u t p u t  c h a n n e l s  t o  t h e  communications subsystem. 

The a n a l o g  c o n d i t i o n e d  o u t p u t s  o f  t h e  s c i e n c e  i n s t r u m e n t s ,  e x c e p t  t e l e v i s i o n  

cameras and mass s p e c t r o m e t e r s ,  are p a r a l l e l e d  wi th  the  SDS i n p u t  channels on 

i n d i v i d u a l  w i r e  p a i r s  t o  t h e  Capsule  B u s  t e l e m e t r y  e n c o d e r s .  The Capsule  Bus 

communication l i n k  i s  used as  a f u n c t i o n a l l y  redundan t  r o u t e  f o r  r e c o v e r i n g  a l l  

a n a l o g  e n t r y  s c i e n c e  d a t a .  

E n g i n e e r i n g  measurements, i n c l u d i n g  t h o s e  from o t h e r  E n t r y  Sc ience  Package 

subsystems a r e  e x t e r n a l l y  c o n d i t i o n e d  t o  r e q u i r e d  levels  b e f o r e  a c c e p t a n c e  by 

t h e  SDS f o r  7 - b i t  p e r  sample encoding and m u l t i p l e x i n g  w i t h  s c i e n c e  d a t a .  Ex- 

c e p t i o n s  a r e  t h e  mass s p e c t r o m e t e r  e n g i n e e r i n g  measurements,  which a re  c o n v e r t e d  

t o  d i g i t a l  code and m u l t i p l e x e d  w i t h i n  t h e  i n s t r u m e n t s .  
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S t a t u s  m o n i t o r i n g  i n s t r u m e n t s  i n  t h e  s c i e n c e  subsystem a re  c o n d i t i o n e d  and 

r e a d  o u t  from t h e  Capsu le  Bus.  

Thermal C o n t r o l  - During t h e  d e o r b i t  d e s c e n t  c o a s t  phase ,  a l l  a e r o s h e l l -  

mounted equipment ( e x c e p t  t h e  t e m p e r a t u r e  p robe)  i s  m a i n t a i n e d  a t  o r  above min i-  

mum tempera tu re  w i t h  i n d i v i d u a l  h e a t e r s  powered from t h e  Capsule  Bus. A t  o t h e r  

l o c a t i o n s  and d u r i n g  o t h e r  m i s s i o n  p h a s e s ,  thermal c o n t r o l  i s  p a s s i v e .  A s i n g l e  

e x c e p t i o n  i s  t h e  narrow- angle  TV camera i n  t h e  E n t r y  S c i e n c e  Package equipment 

module, which r e q u i r e s  a h e a t e r  d u r i n g  t h e  d e o r b i t  c o a s t .  

Power - The s c i e n c e  subsystem equipment  u s e s  28 4-4 vdc  v o l t a g e  f u r n i s h e d  on - 5 
two redundan t  l i n e s  from t h e  E n t r y  Sc ience  Package power subsystem.  F u r t h e r  r e g -  

u l a t i o n  and c o n d i t i o n i n g  i s  performed as needed a t  t h e  i n d i v i d u a l  e l e c t r o n i c s  u n i t  

l eve l .  

Checkout and C a l i b r a t i o n  - Before  l a u n c h  and  a f t e r  s t e r i l i z a t i o n  and encapsu-  

l a t i o n ,  t h e  s c i e n c e  subsystem i s  checked o u t  as p a r t  o f  t h e  E n t r y  Sc ience  Package.  

The OSE p r o v i d e s  command c o n t r o l  t o  t h e  Capsu le  Bus sequencer  t imer decoder  u n i t  

t o  a c t u a t e  t h e  E n t r y  Sc ience  Package and i n i t i a t e  t h e  e n t r y  and t e r m i n a l  d e s c e n t  

sequence o f  e v e n t s .  The E n t r y  S c i e n c e  Package c y c l e s  t h r o u g h  a complete  sequence.  

Ordnance f i r i n g  and t r a n s m i t t e r  tu rn- on  s i g n a l s  a re  i n h i b i t e d .  The SDS p r o v i d e s  

two o u t p u t  c h a n n e l s  o f  PCM d a t a  t o  t h e  OSE via  t h e  Capsu le  Bus. 
3 

N o  checkout  o f  t h e  s c i e n c e  subsystem i s  performed b e f o r e  s e p a r a t i o n  from t h e  

S p a c e c r a f t  . 
During t h e  e n t r y ,  t e r m i n a l  d e s c e n t ,  and p o s t  l a n d i n g  p h a s e s  o f  t h e  m i s s i o n ,  

s i g n a l s  a r e  i s s u e d  by the SDS t o  t h e  s c i e n c e  i n s t r u m e n t s  t o  p r o v i d e  checkou t  and 

c a l i b r a t i o n  d a t a .  S t a g n a t i o n  p r e s s u r e ,  a c c e l e r o m e t e r ,  t e m p e r a t u r e  and e n t r y  mass 

s p e c t r o m e t e r  i n s t r u m e n t  c a l i b r a t i o n  d a t a  a r e  a c q u i r e d  a t  800,000 f t  i n  t h e  ze ro -  

g r a v i t y  vacuum environment .  C a l i b r a t i o n  s i g n a l s  a re  a u t o m a t i c a l l y  s e n t  t o  t h e s e  

i n s t r u m e n t s  s h o r t l y  a f t e r  e n t r y  and l a n d i n g  t o  p e r m i t  s i n g l e - p o i n t  check o f  i n -  

s t r u m e n t  e l e c t r o n i c s .  Each TV camera a c q u i r e s  a c a l i b r a t i o n  p i c t u r e  from a u n i -  

form, known l i g h t  source d u r i n g  t h e  o p e r a t i n g  sequence .  

3 .3 .2 .2  Hardware D e s c r i p t i o n  

The major hardware  e l e m e n t s  i n c l u d e  t h e  s c i e n c e  i n s t r u m e n t s  and p r i m a r y  func-  

t i o n a l  components o f  t h e  s c i e n c e  d a t a  subsystem.  A l l  d i s c u s s i o n  i s  r e f e r e n c e d  t o  

t h e  b l o c k  diagram ( F i g .  3.3-1). 
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3.3 .2 .2 .1  I n s t r u m e n t s  

T o t a l  Temperature  Sensor  ( A e r o s h e l l )  - F i g u r e  3.3-2 shows t h e  concep t  p ro-  
\ )  

posed f o r  t h e  t o t a l  t e m p e r a t u r e  s e n s o r ,  which w i l l  b e  mounted i n  t h e  a e r o s h e l l  

i n s t r u m e n t  module and exposed a t  a n  i n e r t i a l  v e l o c i t y  o f  a b o u t  3000 f p s .  T h i s  

s e n s o r  i s  s imi lar  t o  t h e  Rosemount Engineer ing  Company Model 103H t o t a l  tempera- 

t u r e  probe.  Three  h e a t  s h i e l d s  and r e f l e c t i v e  thermocouple c o a t i n g s  reduce  t h e  

r a d i a t i o n  e r r o r .  R e l a t i v e l y  long ,  t h i n  w i r e  (0.002 in . )  thermocouples  a re  pro-  

v i d e d  t o  a c h i e v e  n e c e s s a r y  fas t  r e s p o n s e  and t empera tu re  e q u a l i z a t i o n  between t h e  

low- dens i ty  g a s  and t h e  s e n s o r .  Gas e x i t  p o r t s  i n  t h e  probe p r o v i d e  some flow of 

t h e  s t a g n a t e d  g a s  t o  t h e  thermocouples .  These s e n s e  t h e  g a s  t empera tu re  a l o n g  

t h e  probe ax i s  t o  a v o i d  t h e  i n f l u e n c e  of t h e  t u b e  boundary l a y e r .  The use  of 

p a r a l l e l - c o n n e c t e d  thermocouples  i n c r e a s e s  t h e  s e n s o r  r e l i a b i l i t y .  T h i s  i n s t r u -  

ment w i l l  a l s o  be a b l e  t o  s e n s e  t o t a l  t empera tu re  d u r i n g  t e r m i n a l  d e s c e n t  i n  c a s e  

t h e  a e r o s h e l l  f a i l s  t o  s e p a r a t e .  However, i n  t h i s  c a s e  t h e  measurements would be  

l e s s  a c c u r a t e  t h a n  t h o s e  o f  t h e  t o t a l  t e m p e r a t u r e  probe des igned  f o r  t e r m i n a l  

d e s c e n t  and l a n d i n g  measurements.  The checkout  and e l e c t r o n i c s  equipment i s  iden-  

t i c a l  t o  t h a t  f o r  t h e  t o t a l  t empera tu re  s e n s o r  ( t e r m i n a l  d e s c e n t )  and shown l a t e r  

i n  F i g ,  3.3-8.  

S t a g n a t i o n  P r e s s u r e  Sensor ( A e r o s h e l l )  - A c c u r a t e  a tmospher ic  d e n s i t y  d e t e r -  
1 

mina t ion  i s  expec ted  from measurements o f  v e l o c i t y  and s t a g n a t i o n  p r e s s u r e .  D u r-  

i n g  e n t r y ,  p r e s s u r e  a t  t h e  a e r o s h e l l  s t a g n a t i o n  p o i n t  r anges  from v e r y  low v a l u e s  

i n  t h e  e a r l y  p o r t i o n s  of t h e  t r a j e c t o r y  t o  perhaps  100 mb a t  t h e  p o i n t  of maximum 

aerodynamic i n t e r a c t i o n .  For  t h i s  r eason ,  t h e  NASA Ames v ibra t ing- d iaphragm gage 

i s  s e l e c t e d  f o r  one of t h e  t r a n s d u c e r s  t o  measu re  s t a g n a t i o n  p r e s s u r e .  I t s  o u t -  

s t a n d i n g  c h a r a c t e r i s t i c s  are wide p r e s s u r e  range 10 

(1% of read ing)  and s m a l l  s i z e .  During measurements, t h e  diaphragm i s  exposed t o  

t h e  p r e s s u r e  on bo th  s i d e s  and i s  v i b r a t e d  by e l e c t r o s t a t i c  f o r c e s .  The damping 

e f f e c t  on t h e  t h i n  v i b r a t i n g  diaphragm i s  sensed  e l e c t r i c a l l y  and used f o r  pres-  

s u r e  i n d i c a t i o n .  

measured,  t h e  t r a n s d u c e r  o u t p u t  i s  a f f e c t e d  by g a s  compos i t ion  and t empera tu re .  

F o r  t h i s  r e a s o n  s t a g n a t i o n  p r e s s u r e  i s  redundan t ly  sensed  w i t h  an  a b s o l u t e  s t r e t c h e d -  

diaphragm gage. 

Engineer ing  Co. Model 830 AG. 

p o s i t i o n  and t h u s  p rov ides  a measure of t h e  i n f l u e n c e  of composi t ion on t h e  r e s p o n s e  

-4 t o  100 mb, g r e a t  accuracy  

Because o p e r a t i o n  i s  based on v i s c o u s  e f f e c t s  of t h e  medium b e i n g  

The second i n s t r u m e n t  s e l e c t e d  is  a m o d i f i c a t i o n  of t h e  Rosemount 

An i n s t r u m e n t  of t h i s  t y p e  i s  n o t  i n f l u e n c e d  by com- 

t o f  t h e  Ames t r a n s d u c e r .  
,” 
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1 inch Scale: 1 1 

Platinum Resistance Thermometer 
Radiation Shield 

ae of Four Thermocouple Junctions 

Basic Design of Total Temperature Sensor 

Transducer Characteristics 

Weight of Probe: 
Weight of Electronics: 
Power, Total: 
Size of Probe: 
Vo lume of Electronics : 
Data Rate: 
Temperature Range, 

Temperature Range, 

Status: 

Electronics Operating: 

Electronics Nonoperating: 

2 oz 
8 oz 
1-28 vdc, 1 w 
5x0.7 in. dia 
5 cu in. 
10 bits/sample 

L5OC to 35OC 

-15OC to 7OoC 
Modification needed 

Fig .  3,3-2 Aeroshell Total Temperature Measurement 
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The d u a l  measurement by a p h y s i c a l l y  d i f f e r e n t  means a l s o  p r o v i d e s  f u n c t i o n a l  re-  

dundancy i n  o b t a i n i n g  s t a g n a t i o n  p r e s s u r e  d a t a .  

l a t i o n  o f  t h e  p r e s s u r e  t r a n s d u c e r s  i n  t h e  a e r o s h e l l  nose and i n c l u d e s  s p e c i f i c  

i n f o r m a t i o n  on performance o f  t h e  i n s t r u m e n t s  and a f u n c t i o n a l  b l o c k  diagram o f  

t h e i r  e l e c t r o n i c s .  

F i g u r e  3.3-3 shows t h e  i n s t a l -  

I n t r o d u c i n g  a phase s h i f t  i n  t h e  c e l l  d r i v e  v o l t a g e  checks  o u t  t h e  e l e c t r o n i c s  

of t h e  v i b r a t i n g  diaphragm t r a n s d u c e r .  I n  t h e  s t r e tched- d iaphragm t r a n s d u c e r  a 

p r e s s u r e  i n p u t  i s  s i m u l a t e d  by c o n n e c t i n g  a c a p a c i t o r  pa r a l l e l  t o  t h e  diaphragm 

p i c k o f f .  The o u t p u t  of bo th  i n s t r u m e n t s  i s  measured a t  e n t r y  t o  de te rmine  z e r o  

d r i f t  of t h e  t r a n s d u c e r s .  

E n t r y  Phase Mass Spectrometer  ( A e r o s h e l l )  - A f u n c t i o n a l  d e s c r i p t i o n  o f  t h e  

open i o n- s o u r c e  quadrupole  mass s p e c t r o m e t e r  i s  shown i n  F i g .  3.3-4.  T h i s  i n -  

s t rument  i s  mounted on t h e  a e r o s h e l l  module and o p e r a t e s  a t  h i g h  a l t i t u d e s  d u r -  

i n g  e n t r y  t o  o b t a i n  number d e n s i t i e s  o f  n e u t r a l  a t m o s p h e r i c  s p e c i e s .  No pump- 

i n g  i s  r e q u i r e d  because  ambien t  p r e s s u r e s  a re  w e l l  w i t h i n  t h e  range  f o r  i n s t r u -  

ment o p e r a t i o n .  It i s  o n l y  n e c e s s a r y  t h a t  p r o p e r  v e n t i n g  be p rov ided  t o  e n s u r e  

f low- through o f  a n a l y z e d  p a r t i c l e s .  

An i n s t a l l a t i o n  drawing of t h e  quadrupo le  a n a l y z e r  i s  shown i n  F i g .  3 .3- 5 .  

The d e t a i l s  g i v e n  were developed f o r  p r e l i m i n a r y  d e s i g n  because  mounting r e q u i r e -  

ments f o r  t h i s  i n s t r u m e n t  have a b a s i c  i n f l u e n c e  on t h e  a e r o s h e l l  i n s t r u m e n t  

module. Component s i z e  was based on a similar open i o n- s o u r c e  mass- spect rometer  

d e s i g n  used i n  E a r t h  a tmosphere  research.;'; No s p e c i a l  problems a s s o c i a t e d  w i t h  

i n s t a l l a t i o n  were d i s c o v e r e d .  F i g u r e  3 .3- 5 shows t h e  f low- through  v e n t i n g  a r-  

rangement p r o v i d e d .  D e t a i l s  of  a c o n c e p t u a l  i o n  s o u r c e  a r e  a l s o  i n d i c a t e d ,  i n -  

c l u d i n g  t h e  r e p e l l e r  g r i d .  T h i s  g r i d  a p p l i e s  a r e t a r d i n g  p o t e n t i a l  and i t s  i n -  

tended purpose  f o r  i n f l i g h t  c a l i b r a t i o n  of  t h e  i o n  s o u r c e  i s  d i s c u s s e d  i n  Sub- 

s e c t i o n  1. 

ment i s  g i v e n  i n  F i g .  3.3-4.  

3 

The b l o c k  diagram f o r  a s s o c i a t e d  e lec t r ica l  and e l e c t r o n i c  equip-  

;kSchaefer, E .  J .  : "Upper Atmosphere S t r u c t u r e  Measurements . ' I  U n i v e r s i t y  of 
Micigan Department of  A e r o n a u t i c a l  and A s t r o n a u t i c a l  Eng ineer ing ,  Repor t  No. 
2841-1-F, December 1959.  
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A f t e r  warmup, t he  instrument  r e c e i v e s  t he  s ta r t  s i g n a l  a t  e n t r y  and t h e  mass 

spectrometer  sweep begins .  Mode c o n t r o l  determines whether t h e  mass spectrometer  

measures peak ampli tudes (normal mode) o r  i f  on ly  a c  v o l t a g e s  a re  app l i ed  t o  the  

quadrupole rods,  i n  which case ,  ope ra t ion  i s  i n  t h e  staircase mode. Par t ia l  pres- 

s u r e  measurements w i l l  a l s o  be provided. Details of t h e  quadrupole mass spectrom- 

e te r  ope ra t ion  and peak sens ing  techniques are descr ibed  i n  t h e  fol lowing d i scus-  

s i o n  of t h e  te rmina l  descent  phase mass spec t rometers .  S igna l s  from t h e  ion  de- 

t e c t o r  are amplif ied i n  a logar i thmic  a m p l i f i e r  and then d i g i t i z e d .  Engineering 

measurements t o  check ana lyzer  sweep vo l t age  and frequency, emission c u r r e n t ,  

b i a s  vo l t ages ,  and h e a t  cu r r en t ,  a r e  d i g i t i z e d  and mult iplexed with t h e  d i g i t a l  

composition data. 

t i v a t e d  by inc reas ing  t h e  p o t e n t i a l  of t h e  i o n  source repe l le r  g r i d  t o  t he  anode 

p o t e n t i a l  p l u s  a small increment above t h e  value.  The i n t e n t  i s  t h a t  t h e  inc re-  

mental  vo l tage  above anode a c t s  t o  re ta rd  a l l  p a r t i c l e s  i n  t h e  ion  source except 

those with f ree- s t ream r e l a t i v e  k i n e t i c  energy s u f f i c i e n t  t o  g e t  over t h e  poten- 

t i a l  "hump." This  technique o f f e r s  t h e  p o s s i b i l i t y  of making composition and t o t a l  

d e n s i t y  measurements with an open i o n  source instrument  and i s  d iscussed  la ter  i n  

Subsect ion 3.3.4. 

For every f i f t h  scan, an i n f l i g h t  c a l i b r a t i o n  mode w i l l  be ac-  

3 Terminal Descent Phase Mass Spectrometer - The t r ade  s tudy  f o r  s e l e c t i o n  of 

mass spectrometer  ins t ruments  (Subsection 3.3.4) showed t h a t  two types should be 

considered f o r  te rmina l  descent  measurements. One group employs a quadrupole 

ana lyzer ,  t h e  o t h e r  an e l e c t r o s t a t i c  and magnetic s e c t o r  f o r  m a s s  s epa ra t ion .  Both 

types were considered i n  pre l iminary  des ign  of t h e  Entry Science Package. Function- 

a l  d e s c r i p t i o n s  of how these  ins t ruments  are used are given i n  F ig .  3.3-6 and 3.3-7. 

Techniques f o r  sampling and c a l i b r a t i o n  common t o  both types  of instruments  are de- 

sc r ibed  f i r s t .  

Sample flow i s  conducted t o  t he  mass spectrometer  i n l e t  l e a k  a r e a  by a s h o r t  

sampling tube  d i r e c t e d  i n t o  t h e  flow, Sample t r a n s p o r t  l a g  and adsorp t ion  o r  de- 

s o r p t i o n  a t  t h e  walls are e f f e c t s  demanding minimum length  f o r  t h i s  component, A 

continuous flow i s  maintained by vent ing  t o  a wake region of lower p r e s s u r e  than  

a t  t h e  i n l e t .  A minute f r a c t i o n  of t o t a l  flow through t h e  sampling tube  i s  induced 

i n t o  t h e  ana lyzer  p a s t  a leak .  Near t h e  i n l e t  l eak ,  tu rbulence  i s  introduced i n  

t h e  stream t o  avoid e r r o r s  due t o  v a r i a t i o n s  of t h e  gas composition over t h e  tube 

c ros s  s ec t ion .  Locat ion of t h e  sampling tube  i n l e t  t o  avoid contamination from 

Capsule Bus e f f e c t s  and p o s i t i o n  of t h e  e x i t  t o  ensure p o s i t i v e  flow without  sonic  

choking w i l l  both be determined by wind tunnel  t e s t i n g .  ' j  
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* , a  P e r k i n  Elmer C o r p o r a t i o n  a c h i e v e d  v i s c o u s  f low th rough  a l e a k  c o n s i s t i n g  of  

a s a p p h i r e  s p h e r e  p r e s s e d  a g a i i l s t  a sharp- edged h o l e  i n  a hardened s tee l  p l a t e . *  

T h e i r  lealc was found t o  have l i n e a r  c h a r a c t e r i s t i c s  o v e r  a p r e s s u r e  range  o f  100 

t o  1. T h i s  t e c h n i q u e  h a s  been s e l e c t e d  f o r  p r e l i m i n a r y  d e s i g n  o f  t h e  s c i e n c e  

subsystem.  

The s h o r t  o p e r a t i n g  t ime f o r  a n l a y s i s  d u r i n g  t e r m i n a l  d e s c e n t  makes i t  p o s s i -  

b l e  t o  e l i m i n a t e  a c t i v e  pumping as  a means f o r  p u l l i n g  a sample i n t o  t h e  a n a l y z e r .  

I n s t e a d ,  a n  evacua ted  volume of around 2000 cc i s  connec ted  t o  t h e  a n a l y z e r  f o r  

t h i s  purpose.  The vacuum i s  m a i n t a i n e d  by s e a l i n g  u n t i l  t i m e  f o r  a c t i v a t i o n  of 

t h e  exper iment  d u r i n g  t e r m i n a l  d e s c e n t .  Using t h e  l e a k  d e s c r i b e d  above, t h e  i n -  

s t rument  o p e r a t i n g  p r e s s u r e  of 5 x 10 -5 mb w i l l  no t  be exceeded d u r i n g  o p e r a t i o n .  

Var ious  approaches  f o r  c a l i b r a t i o n  of  t h e  mass s p e c t r o m e t e r  were c o n s i d e r e d .  

Carbon monoxide o u t g a s s i n g  from t h e  mass s p e c t r o m e t e r  w a l l s  can be  used a s  r e f -  

e r e n c e  f o r  t h e  AMU s c a l e ,  T h i s  f e a t u r e ,  and a n  e l e c t r o n  source  t o  r e c a l i b r a t e  

t h e  e l e c t r o n  m u l t i p l i e r ,  may be  s u f f i c i e n t .  However, f o r  t h e  p r e l i m i n a r y  d e s i g n  

shown i n  t h e  schemat ic  ( F i g .  3 .3-6) ,  a small ampule o f  a known g a s  i s  punc tu red  

and i n t r o d u c e d  i n t o  t h e  sampl ing t u b e  n e a r  and ahead o f  t h e  i n l e t  l e a k .  The 

mass s p e c t r o m e t e r  w i l l  conduct  one a n a l y s i s  o f  t h e  c a l i b r a t i o n  g a s  sample t o  pro-  

v i d e  a check o f  l e a k  r a t e ,  s e n s i t i v i t y ,  and s c a l e  f o r  mass numbers. About 4 s e c  

a f t e r  t h e  c a l i b r a t i o n  measurement, a d e l a y  c i r c u i t  t r i g g e r s  t h e  opening o f  t h e  

mass s p e c t r o m e t e r  seal  and a tmospher ic  a n a l y s i s  b e g i n s .  

,) 

F i g u r e  3 .3-6 d e s c r i b e s  t h e  i n s t a l l a t i o n  o f  a quadrupo le  mass s p e c t r o m e t e r .  

A P e r k i n  E l m e r  i n s t r u m e n t  s imi la r  t o  the  t y p e  d e s i g n a t e d  PAA104 was used as t h e  

b a s i s  f o r  d e s i g n .  A "start s i g n a l"  from t h e  s c i e n c e  d a t a  subsystem i n i t i a t e s  t h e  

sequence o f  r e l e a s i n g  the c a l i b r a t i o n  g a s  fo l lowed  by removal of t h e  vacuum seal  

o f  t h e  a n a l y z e r  c o n t a i n e r .  A sweep s i g n a l  t h e n  s y n c h r o n i z e s  t h e  s t a r t  of t h e  

mass s p e c t r o m e t e r  sweep. Synchronism w i t h  t h e  s c i e n c e  d a t a  subsystem t iming  i s  

p rov ided  by t h e  p u l s e  r a t e  of t h e  t iming  s i g n a l .  

Compared w i t h  t h e  o t h e r  a tmospher ic  s e n s o r s ,  t h e  mass s p e c t r o m e t e r  r e q u i r e s  

a r e l a t i v e l y  h i g h  d a t a  ra te .  T h e r e f o r e ,  t h e  d a t a  r e q u i r e m e n t s  f o r  t h r e e  con- 

c e p t s  w i l l  be  b r i e f l y  d i s c u s s e d .  The l eas t  number o f  d a t a  b i t s  a r e  r e q u i r e d  when 

\ +;;Phase I F i n a l  Study Repor t ,  Development o f  a 2-Gas Atmosphere Sensor  System 
(Mass Spec t romete r ) ,  SDS Data Systems, I n c . ,  Repor t  1-3006, NASA C o n t r a c t  
NAS1-5679, March 1966. 
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1 t h e  mass s p e c t r o m e t e r  i s  s e t  f o r  o n l y  a l i m i t e d  number ( s a y  5 )  o f  d i s c r e t e  mass 

p o i n t s .  Another  approach  would be t o  s c a n  t h e  complete  r ange  o f  a tomic  mass 

u n i t s  and s a m p l e  t h e  i o n  d e t e c t o r  o u t p u t  a b o u t  8 times f o r  each  one. 

t h a t  t h i s  approach would r e q u i r e  a n  e x c e s s i v e  number of d a t a  b i t s  i n  p r o p o r t i o n  

t o  t h e  u s e f u l  i n f o r m a t i o n  a c q u i r e d .  The t h i r d  approach,  and t h e  one s e l e c t e d  f o r  

p r e l i m i n a r y  d e s i g n ,  i s  t h e  peak s e a r c h  mode. During t h e  s c a n  and r i se  of t h e  quad- 

r u p o l e  v o l t a g e s ,  a s e n s o r  would s e a r c h  f o r  t h e  peaks  o f  t h e  spect rum,  g i v i n g  a 

s i g n a l  t o  d i g i t i z e  when a peak i n  a n a l y z e r  c u r r e n t  o u t p u t  i s  found.  For  t h e  

p r e l i m i n a r y  d e s i g n ,  a 7 - b i t  word i s  provided f o r  e a c h  mass number and i t  i s  assumed 

t h a t  t h e  s c a n  v o l t a g e  i n c r e a s e s  by a c o n s t a n t  amount p e r  mass u n i t .  I n  t h e  d a t a  

au tomat ion  sys tem,  a b u f f e r  s t o r a g e  c a p a b i l i t y  of 1 1 2  7 - b i t  words was provided.  

T h i s  b u f f e r  s t o r a g e  i s  r e a d  o u t  e v e r y  8 sec d u r i n g  t e r m i n a l  d e s c e n t .  F o r  a mass 

range  o f  10 t o  60 Am, 56  - / - b i t  words a re  s u f f i c i e n t  t o  d i g i t i z e  one  mass spec-  

t r o m e t e r  s c a n ,  one  i o n  gage p r e s s u r e  measurement o f  t h e  a n a l y z e r  p r e s s u r e  and t o  

conduct  s e v e r a l  e n g i n e e r i n g  measurements.  

It was f e l t  

Eng ineer ing  measurements o f  t h e  quadrupo le  mass s p e c t r o m e t e r  o p e r a t i o n  w i l l  

be t a k e n  p e r i o d i c a l l y  a f t e r  e v e r y  two mass s p e c t r o m e t e r  a n a l y s e s .  They would 

c o n s i s t  o f  f i v e  samples o f  t h e  dc sweep v o l t a g e ,  one measurement each  o f  t h e  s u p -  

p l y  v o l t a g e  f o r  t h e  e l e c t r o n  m u l t i p l i e r ,  two b i a s  v o l t a g e s ,  t h e  e l e c t r o n  e m i s s i o n  

c u r r e n t  o f  t h e  i o n i z e r ,  and one measurement from t h e  the rmal  vacuum gage t h a t  

moni to r s  t h e  mass s p e c t r o m e t e r  p r e s s u r e .  One a n a l y s i s  sweep w i l l  r e q u i r e  a b o u t  

2 s e c  and w i l l  o b t a i n  a b o u t  280 b i t s  o f  s c i e n c e  d a t a .  Depending on t h e  atmos-  

phere  encoun te red ,  from one t o  s e v e r a l  minu tes  of  a n a l y s i s  w i l l  be  p o s s i b l e .  

) 

F i g u r e  3 . 3- 7  shows t h e  i n s t a l l a t i o n  of  a doub le- focus ing  mass s p e c t r o m e t e r .  

The arrangement  f o r  c a l i b r a t i o n ,  compos i t ion  sampl ing,  pumping and e l e c t r o n i c  

c o n t r o l  a r e  s imi lar  t o  t h o s e  o f  t h e  quadrupo le  mass s p e c t r o m e t e r  sys tem.  The 

doub le- focus ing  mass s p e c t r o m e t e r  s c a n s  t h e  mass r a n g e  by changing t h e  poten-  

t i a l s  o f  t h e  i o n  a c c e l e r a t o r  e l e c t r o d e  and o f  t h e  e l e c t r i c  s e c t o r .  

I n s t a l l a t i o n  drawings  i n  S u b s e c t i o n  3.1 show t h a t  a quadrupo le  o r  a double-  

f o c u s i n g  mass s p e c t r o m e t e r  c a n  e q u a l l y  w e l l  b e  i n c o r p o r a t e d  i n  t h e  E n t r y  Sc ience  

Package.  No s i g n i f i c a n t  d i f f i c u l t i e s  a r e  f o r e s e e n  i n  a d a p t i n g  t h e  s c i e n c e  d a t a  

subsystem t o  t h e  s p e c i f i c  d a t a  r e q u i r e m e n t s .  

T o t a l  P r e s s u r e  Transducer  (Terminal  Descent)  - A s t re tched- d iaphragm p r e s s u r e  

s e n s o r  w i t h  c a p a c i t i v e  p i c k o f f  h a s  been s e l e c t e d  f o r  p r e s s u r e  measurements d u r i n g  

! t e r m i n a l  d e s c e n t  ( F i g .  3 . 3 - 8 ) .  A v e r y  t h i n  diaphragm mounted between two c a p a c i -  
1 

t o r  e l e c t r o d e s  i s  d e f l e c t e d  by t h e  p r e s s u r e  f o r c e .  The d e f l e c t i o n  i s  sensed  w i t h  
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I t h e  c a p a c i t i v e  p i c k o f f .  O u t s t a n d i n g  c h a r a c t e r i s t i c s  o f  t h e  s t r e t t h e d - d i a p h r a g m  

t r a n s d u c e r  i n c l u d e  i n s e n s i t i v i t y  t o  g a s  compos i t ion ,  i n h e r e n t l y  h i g h  a c c u r a c y  

and s e n s i t i v i t y ,  small h y s t e r e s i s ,  and  rugged c o n s t r u c t i o n .  Transducer  Model 

830AG manufactured by Rosemount E n g i n e e r i n g  Co. was s e l e c t e d  f o r  t h i s  measure-  

ment.  However, t h e  a s s o c i a t e d  e l e c t r o n i c s  w i l l  b e  modi f i ed  f o r  performance i n  

t h e  l i g h t e r  a tmosphere  expec ted  on Mars. 

The t r a n s d u c e r  e l e c t r o n i c s  w i l l  b e  checked by s i m u l a t i n g  a c a p a c i t a n c e  change 

of  t h e  t r a n s d u c e r  p i c k o f f  by c o n n e c t i n g  a compac i to r  p a r a l l e l  t o  t h e  diaphragm 

and one c a p a c i t i v e  e l e c t r o d e .  

T o t a l  Temperature  Sensor  (Terminal  Descent  - F i g u r e  3.3-9 shows t h e  concep t  

o f  a t o t a l  t e m p e r a t u r e  probe c o n s i d e r e d  p romis ing  for  t o t a l  t e m p e r a t u r e  measure-  

ments d u r i n g  t e r m i n a l  d e s c e n t .  No s u i t a b l e  t r a n s d u c e r  w a s  a v a i l a b l e .  It i s  

e s t i m a t e d  t h a t  a b o u t  one  y e a r  i s  r e q u i r e d  t o  deve lop  an a p p l i c a b l e  t o t a l  t e m -  

p e r a t u r e  p r o b e ,  The major  d e s i g n  problem i s  o b t a i n i n g  f a s t  r e s p o n s e  ra tes  from 

the s e n s i n g  e l e m e n t s  i n  t h e  l o w- d e n s i t y  a tmosphere  e x p e c t e d .  T h i s  imposes t h e  

r e q u i r e m e n t  f o r  l i g h t  s e n s o r  c o n s t r u c t i o n .  The s e n s i n g  e l e m e n t s  f o r  t h e  t r a n s -  

d u c e r  i n  F i g .  3.3-9 a re  thermocouples  wi th  wire  d i a m e t e r s  on t h e  o r d e r  o f  0.002 

i n .  S e v e r a l  p a r a l l e l - c o n n e c t e d  thermocouples  a re  p rov ided  f o r  r e l i a b i l i t y .  

Thermocouples w i l l  measure t h e  t e m p e r a t u r e  i n  t h e  c e n t e r  o f  t h e  p robe  where t h e  

e f f e c t  o f  t h e  t u b e  boundary l a y e r  i s  minimum. Sensor  v o l t a g e  i s  c o r r e c t e d  w i t h  

a n  e l e c t r i c a l l y  compensat ing thermocouple j u n c t i o n  b e f o r e  t h e  low v o l t a g e  i s  

a m p l i f i e d  i n  t h e  l o w- d r i f t  h i g h- g a i n  a m p l i f i e r .  The termocouple  o u t p u t  i s  o n  

t h e  o r d e r  o f  50 pV/"C. Required performance o f  t h e  i n s t r u m e n t  e l e c t r o n i c s  c a n  

b e  o b t a i n e d  u s i n g  a c h o p p e r - s t a b i l i z e d  a m p l i f i e r .  Equipment o f  t h i s  type  w i t h  

a b o u t  30-v t o t a l  d r i f t  o v e r  6 months and 0.2 v/"C t e m p e r a t u r e  s e n s i t i v i t y  i s  

w i t h i n  t h e  s t a t e  o f  t h e  a r t .  The e l e c t r o n i c  a m p l i f i e r  c a n  b e  checked by connec t-  

i n g  t h e  a m p l i f i e r  i n p u t  t o  a c a l i b r a t i o n  v o l t a g e .  The complete  t o t a l  t e m p e r a t u r e  

p robe  can  be  checked b y  measur ing t h e  t e m p e r a t u r e  o f  t h e  r a d i a t i o n  s h i e l d  o f  t h e  

p robe  when t h e  e n t r y  c a p s u l e  i s  exposed t o  f ree  s p a c e  

t h e  thermocouples  assume t h e  t e m p e r a t u r e  o f  t h e  r a d i a t i o n  s h i e l d .  

mb p r e s s u r e  . Then ) 
M M  - F i g u r e  3.3-10 shows the b a s i c  c o n s t r u c -  

t i o n  and t y p i c a l  c h a r a c t e r i s t i c s  o f  i n s t r u m e n t a t i o n  f o r  t h e  humid i ty  measurement. 

The hygroscop ic  aluminum o x i d e  changes  i t s  conductance  a s  a f u n c t i o n  o f  a b s o l u t e  

wa te r- vapor  c o n c e n t r a t i o n .  I t s  c h a r a c t e r i s t i c s  a r e  n e a r l y  independen t  of  ambient  

t e m p e r a t u r e  and p r e s s u r e .  

dew p o i n t ) ,  g r e a t  c a r e  i s  r e q u i r e d  t o  make su re  t h a t  t h e  humid i ty  c o n t e n t  o f  t h e  
> Because o f  the low expec ted  h u m i d i t y  (abou t  -1OOOC 
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sampled atmosphere i s  not  a l t e r e d  by con tac t  w i t h  any p a r t  of the F l i g h t  Capsule,  

thus  loca t ion  of the  humidity sensor  m u s t  be e s t a b l i s h e d  by aerodynamic tes ts .  

The temperature of the  mechanical support  f o r  t h e  hygrometer w i l l  be measured 

i n  i n t e r v a l s  of  4 sec  near t h e  sens ing  element .  This  temperature measurement 

provides  d a t a  t o  c o r r e c t  f o r  s l i g h t  v a r i a t i o n s  due t o  the  d i f f e r e n c e  between 

ambient temperature and sensor  temperature.  

For checkout of the  e l e c t r o n i c s ,  a r e f e rence  impedance i s  temporar i ly  con- 

nected i n  p lace  of t h e  sensing element.  Various approaches a r e  poss ib l e  t o  meas- 

u re  t he  impedance of (100 t o  1000 kQ) of t h e  aluminium oxide element. Figure 3.3-  

10 i n d i c a t e s  an o s c i l l a t o r  t h a t  conver t s  t h e  hygrometer impedance t o  a p u l s e  rep-  

e t i t i o n  r a t e  t h a t  may be between 30 and 200 p p s .  

width and amplitude are converted t o  a vo l t age  propor t iona l  t o  t he  pulse  ra te  by 

t h e  frequency- to- analog conver te r .  

The p u l s e s  of cons tan t  pu lse  

Accelerometers (Entry)  - The Be l l  Aerosystems Model V I 1  B accelerometer  has  

been s e l e c t e d  because of i t s  high performance, demonstrated r e l i a b i l i t y ,  l i g h t  

weight ,  wide ope ra t ing  temperature range, small  s i z e ,  and low power requirements .  

Be l l  Aerosystems a n t i c i p a t e s  t h a t  a t o t a l l y  s t e r i l i z a b l e  accelerometer  sensing 

system can be a v a i l a b l e  f o r  d e l i v e r y  e a r l y  i n  1969. F igure  3 .3- 11  shows the  

cons t ruc t ion  of  t he  Model V I 1  B f o r c e  balance acce lerometer .  The bas i c  func t ion  

of a s i n g l e - a x i s  acce lerometer  servo loop i s  a l s o  shown. A c a p a c i t i v e  p ickoff  

d e t e c t s  minute d e f l e c t i o n s  of the proof mass. This  s i g n a l  i s  ampl i f ied  and t h e  

servo  a m p l i f i e r  gene ra t e s  (by means of t he  f o r c e  c o i l )  a magnetic f o r c e  t h a t  

compensates the  a c c e l e r a t i o n  fo rce  exer ted  on the proof mass. The c u r r e n t  

through the f o r c e  c o i l  i s  a measure of the  a c c e l e r a t i o n .  The drawing of t he  

accelerometer  t r i a d  arrangement shows how the  acce lerometers  can be arranged so 

t h a t  the  s e n s i t i v e  axes  a r e  only  0.975 i n .  a p a r t .  Accelerometer t r i a d  tempera- 

t u r e  w i l l  be measured t o  an accuracy of t l * C  i n  i n t e r v a l s  o f  about  4 sec .  

t h i s  measurement, temperature d r i f t s  of scale f a c t o r  (about 20 ppm/'F) and b i a s  

(< 5 pg/OF) can be co r r ec t ed .  The f u l l  range of t he  two accelerometers  placed nor-  

m a l  t o  t h e  F l i g h t  Capsule r o l l - a x i s  i s  9 . 5  g. 

t h e  r o l l  a x i s  has  a f u l l  range of 25 g.  To inc rease  t h e  accuracy of t he  acce l e ra-  

t i o n  measurement along t h e  r o l l  a x i s ,  automatic range swi tch ing  w i l l  be provided. 

A s a t u r a b l e  a m p l i f i e r  w i l l  provide 5-v output  a t  1-g a c c e l e r a t i o n .  

n a l  a m p l i f i e r  w i l l  provide 5-v a t  25-g a c c e l e r a t i o n .  

d i g i t i z e r  w i l l  cause an e r r o r  of less than  0.025 and 0.001 g f o r  t h e  25- and 1-g 

Using 

The accelerometer  measuring along 

Another s i g -  

I n  t h i s  manner, t h e  0.1% 

ranges,  r e s p e c t i v e l y .  I f  r equ i r ed ,  h igher  accuracy can be achieved with more am-  

p l i f i e r s  and a d d i t i o n a l  s t e p s  of range switching.  
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i The a c c e l e r o m e t e r  sys tem can  be  checked o u t  by s i m u l a t i n g  a n  a c c e l e r a t i o n  
w i t h  a checkou t  c u r r e n t  th rough  t h e  a c c e l e r o m e t e r  f o r c e  c o i l .  The a c c e l e r o m e t e r  

b i a s  e r r o r s  w i l l  be  measured under f r e e - f a l l  c o n d i t i o n s  a f t e r  t h e  e l e c t r o n i c s  

are  warmed and s h o r t l y  b e f o r e  a tmospher ic  e n t r y .  A t  l e a s t  one a c c e l e r a t i o n  

measurement i s  planned a f t e r  l a n d i n g  t o  p r o v i d e  a check on t h e  a c c e l e r o m e t e r  

s c a l e  f a c t o r s ,  

The b l o c k  diagram i n  F i g .  3.3-11 shows t h a t  one p r e a m p l i f i e r  a s s o c i a t e d  w i t h  

e a c h  a c c e l e r o m e t e r  i s  p a r t  o f  t h e  a c c e l e r o m e t e r  t r i a d .  The a c c e l e r o m e t e r  w i l l  

b e  mounted n e a r  t h e  F l i g h t  Capsule  c g .  However, t h e  s e r v o  a m p l i f i e r s  and t h e  

power c o n d i t i o n i n g  u n i t s  ( r e g u l a t o r  and power c o n v e r t e r )  w i l l  be i n  t h e  s i g n a l  

c o n d i t i o n i n g  u n i t .  

T e l e v i s i o n  - The e n t r y  t e l e v i s i o n  c o n s i s t s  o f  t h r e e  r e p l a c e a b l e  a s s e m b l i e s :  

1) T e l e v i s i o n  camera u n i t ,  e n t r y  (TVCU-Entry) 

2 )  T e l e v i s i o n  camera u n i t ,  t e r m i n a l  d e s c e n t  and l a n d i n g  (TVCU-TDL) 

3 )  TV e l e c t r o n i c s  u n i t  (TVEU). 

Each camera u s e s  a 1 - i n .  h y b r i d  v i d i c o n  ( e l e c t r o m a g n e t i c  d e f l e c t i o n  and e l e c t r o -  

s t a t i c  f o c u s )  o p e r a t e d  i n  a 280- scan l i n e  mode u s i n g  t h e  f u l l  fo rmat  area (0 .44 

x 0.44 i n . ) .  The cameras a r e  similar e x c e p t  f o r  t h e  l e n s e s  and t h e  l e n s  c o v e r s  

( F i g .  3.3-12) .  
1 

Camera F u n c t i o n s  - The e n t r y  camera i s  mounted i n  t h e  apex of  t h e  a e r o s h e l l  

( F i g ,  3.3-13) and t a k e s  p i c t u r e s  o f  t h e  M a r t i a n  s u r f a c e  th rough  a q u a r t z  window 

i n  g r a d u a l l y  improving r e s o l u t i o n  from t h e  end o f  t h e  h e a t i n g  phase  of t h e  e n t r y  

t r a j e c t o r y  t o  a e r o s h e l l  s e p a r a t i o n .  I n i t i a l  r e s o l u t i o n  and coverage a l l o w s  c o r-  

r e l a t i o n  o f  t h e  f rames  w i t h  o r b i t e r  t e l e v i s i o n  frames. The TDL camera o p e r a t e s  

from a e r o s h e l l  s e p a r a t i o n  th rough  l a n d i n g ,  c u l m i n a t i n g  i n  a r e s o l u t i o n  o f  one 

meter p e r  o p t i c a l  l i n e  p a i r  j u s t  b e f o r e  vernier  f i r e .  Better  r e s o l u t i o n  i s  

a c h i e v e d  d u r i n g  v e r n i e r  r o c k e t  o p e r a t i o n ,  p rov ided  t h e  r o c k e t  plumes do n o t  

g r e a t l y  degrade  t h e  images .  

due  t o  the plume i s  n e g l i g i b l e  .Jc 

M a r t i n  Marietta tes ts  show t h a t  loss  of r e s o l u t i o n  

Camera U n i t  Elements  - A s  shown i n  F i g u r e  3.3-14, each camera u n i t  compr i ses  

l e n s  c o v e r ,  i r i s ,  s h u t t e r ,  c o n t r o l  mechanisms, l e n s ,  v i d i c o n ,  d e f l e c t i o n  yokes ,  

p r e p a r a t i o n  lamp, p r e a m p l i f i e r ,  photometer ,  h i g h  v o l t a g e  power supp ly ,  and t h e  

f o c u s  v o l t a g e  r e g u l a t o r .  

JcPernicka. J. D . i Images and Systems". 
Fearn ,  R . ,  Merril, H.  K . :  " E f f e c t  o f  Plumes on O p t i c a l  
Martin Marietta C o r p o r a t i o n  Repor t  No.  RA-614-67-1, 1967. 
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Hybrid Vidicon 

Camera Mounting Bracket 

Mounting Frame, Capsule 
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Fig. 3.3-12 General Layout of TV Instruments 
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PHOTO NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

AREA 

63,046 sq mi 
9,288 sq mi 
208.6 sq mi 
70.24 sq mi 
25.73 sq mi 
10.51 sq mi 
4.50 sq mi 
1.48 sq mi 

1,680,406 sq ft 
1,047,550 sq ft 
647,220 sq ft 
348,690 sq ft 
142,884 sq ft 
82,656 sq ft 
10,816 sq ft 

134 sq ft 

BEST 
RESOLUTION 

(ft) 

436 
338 
228 
200 
152 
112 
82 
60 
12.6 
10.2 
8.04 
5.9 
3.8 
2.9 
1.04 
0.1 
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Photos 
1 thru 4 

Horizontal Distance (1000 ft) 

Photographic Profile 

Photos 
4 thru 11 

~ 

Photos 11 thru 16 

Fig. 3.3- 13 TV Instruments Functional Performance 

Photo 13 unfinished 
(interrupted by 4000 
ft signal) 
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The h i g h- v o l t a g e  power s u p p l y  t a k e s  c o a r s e l y  r e g u l a t e d  power from t h e  TVEU 

and g e n e r a t e s  v a r i o u s  h i g h l y  r e g u l a t e d  dc l e v e l s  by  dc-dc c o n v e r s i o n .  

e s t  v o l t a g e  r e q u i r e d  i s  500 v .  

u a l  image; u s i n g  t h e  de focused  e l e c t r o n  beam, t h e  pho toconduc to r  i s  charged t o  

a uniform p o t e n t i a l .  The photometer  o u t p u t  i s  used t o  c o n t r o l  t h e  i r i s  s e t t i n g  

th rough  a s e r v o  and t o  p r o v i d e  a s h u t t e r  i n h i b i t  s i g n a l  i n  c a s e  o f  e x c e s s i v e  

scene  luminance (camera p o i n t e d  a t  the s u n ) .  

The h igh-  

The p r e p a r a t i o n  lamp i s  used t o  e r a s e  t h e  r e s i d -  

Elements  o f  t h e  T e l e v i s i o n  E l e c t r o n i c s  U n i t  - A s  shown i n  F i g .  3 . 3 - 1 4 ,  t h e  

TVEU c o n t a i n s  s e p a r a t e  e l e c t r o n i c s ,  one  s e t  f o r  e a c h  camera.  The command, l o g i c ,  

and c o n t r o l  u n i t  (CL&CU) a c c e p t s  t h e  commands and c l o c k  s i g n a l  and d i r e c t s  t h e  

o p e r a t i o n  o f  a l l  camera c i r c u i t s .  D i r e c t  c o n t r o l  i s  e x e r c i s e d  o v e r  t h e  c a l i b r a -  

t i o n  lamp and t h e  c i r c u i t s  t h a t  o p e r a t e  once p e r  f rame.  O t h e r  o p e r a t i o n s  a re  

d i r e c t e d  by t h e  CL&CU th rough  t h e  sequence c o n t r o l  u n i t .  The s c i e n c e  d a t a  sub-  

system frame s t a r t  command i n i t i a t e s  t h e  p i c t u r e - t a k i n g  sequence o f  e v e n t s  f o r  

one f rame.  T h i s  sequence i n c l u d e s  p r e p a r a t i o n ,  exposure ,  and d e l a y .  

P r e p a r a t i o n  o f  the v i d i c o n  f o r  exposure  i s  accomplished upon frame s t a r t  

s i g n a l  from t h e  s c i e n c e  d a t a  subsystem by t h e  p r e p a r a t i o n  lamp and t h e  defocused 

e l e c t r o n  beam s c a n .  I n  a d d i t i o n  t o  t h e  d e f o c u s  f u n c t i o n ,  t h e  wobbler  d e f l e c t s  

t h e  e l e c t r o n  beam v e r t i c a l l y  i n  a p a t t e r n  so t h a t  t h e  photoconductor  i s  u n i f o r m l y  

f l o o d e d  w i t h  e l e c t r o n s ,  

Exposure and s h u t t e r  o p e r a t i o n  are c o n t r o l l e d  by t h e  CL&CU. The i r i s  s e r v o  

i s  e n e r g i z e d  c o n t i n u o u s l y  so t h a t  t h e  i r i s  i s  a lways  a d j u s t e d ,  under c o n t r o l  o f  

t h e  photometer  o u t p u t ,  t o  t h e  a v e r a g e  scene  luminance.  The s h u t t e r  s o l e n o i d  i s  

e n e r g i z e d  by t h e  s h u t t e r  d r i v e  c i r c u i t  a f t e r  v i d i c o n  p r e p a r a t i o n  f o r  a b o u t  50 

m s  w i t h  a b o u t  50 W .  

The r e a d o u t  p r o c e s s  i s  i n i t i a t e d  by t h e  f i r s t  l i n e  s t a r t  c o n t r o l  s i g n a l  from 

t h e  s c i e n c e  d a t a  subsystem i n t o  t h e  sequence c o n t r o l l e r .  Between exposure  and 

r e a d o u t  t h e r e  i s  a s h o r t  d e l a y  t h a t  p r o v i d e s  t i m e  f o r  the c o u n t e r  l o g i c  c i r c u i t s  

t o  be  p r o p e r l y  sequenced i n  p r e p a r a t i o n  f o r  r e a d o u t .  During r e a d o u t ,  each l i n e  

s c a n  i s  i n i t i a t e d  by a l i n e  s t a r t  s i g n a l ,  The v e r t i c a l  d e f l e c t i o n  c u r r e n t  i s  

c o n t r o l l e d  by a d i g i t a l  c o u n t e r  incremented by t h e  l i n e  s t a r t  commands. The 

code i s  passed  t o  a d i g i t a l - t o - a n a l o g  c o n v e r t e r ,  g i v i n g  a v e r t i c a l  d e f l e c t i o n  

s i g n a l  t h a t  i s  a m p l i f i e d  t o  p r o v i d e  t h e  yoke c u r r e n t  (280 levels) .  The h o r i -  

z o n t a l  d e f l e c t i o n  c u r r e n t  i s  g e n e r a t e d  i n  a n a l o g  form. Each l i n e  s c a n  i s  i n i -  

t i a t e d  by s c i e n c e  d a t a  subsystem command through t h e  sequence c o n t r o l l e r  and the 
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h o r i z o n t a l  b l a n k i n g  g e n e r a t o r .  The sawtoo th  c u r r e n t  i s  g e n e r a t e d  and a m p l i f i e d  

by  t h e  h o r i z o n t a l  d e f l e c t i o n  waveform g e n e r a t o r  under  c o n t r o l  o f  t h e  c l o c k  s i g n a l .  

The d e f l e c t i o n  r a t e  i s  c o n s t a n t  and equal t o  one l i n e  (0.44 i n . )  p e r  28.8 m s .  

A t  t h e  end o f  t h e  l i n e ,  t h e  h o r i z o n t a l  d e f l e c t i o n  c u r r e n t  i s  b lanked  u n t i l  t h e  

n e x t  l i n e  s t a r t  command, which w i l l  n o t  b e  a c c e p t e d  u n t i l  t h e  beam h a s  had time 

t o  r e t u r n  to  the s t a r t i n g  p o s i t i o n  ( a b o u t  2 m s  a f t e r  the p r e v i o u s  l i n e  i s  com- 

p l e t e ) .  

a m p l i f i e r  d u r i n g  t h e  b l a n k i n g  i n t e r v a l .  

* I  l J  

The b l a n k i n g  s i g n a l  a l s o  t u r n s  o f f  t h e  beam c u r r e n t  and b l a n k s  t h e  v i d e o  

During l i n e  r e a d o u t  the beam c u r r e n t  i s  p u l s e d  a t  a c o n s t a n t  r a t e  and f o r  

f i x e d  time i n t e r v a l s  (10 p s e c ) .  The p u l s a t i o n  e n s u r e s  t h a t ,  a t  t h e  slow r e a d o u t  

r a t e ,  t h e  beam c u r r e n t  (which h a s  a minimum f e a s i b l e  v a l u e )  d o e s  n o t  d i s c h a r g e  

a d j a c e n t  image e l e m e n t s  o r  b u r n  t h e  pho toconduc to r .  The s i g n a l - t o - n o i s e  r a t i o  

o f  t h e  v i d e o  o u t p u t  i s  a l s o  improved by  t h i s  t e c h n i q u e .  The p u l s e d - c u r r e n t  meth- 

od e f f e c t i v e l y  samples  t h e  v i d e o  o u t p u t .  T h e r e f o r e ,  t h e  sampl ing m u s t  b e  a t  a 

r a t e  h i g h e r  t h a n  t h e  maximum f r e q u e n c y  o f  t h e  v i d e o  e q u i v a l e n t  o f  t h e  s t o r e d  

image. 

sys tem,  t h e  pho toconduc to r ,  and t h e  a p e r t u r e  r e s p o n s e  o f  t h e  beam. The p u l s e  

r a t e  i s  e s t i m a t e d  on t h i s  b a s i s  a t  693 p u l s e s  p e r  l i n e .  

T h i s  i s  l i m i t e d  by t h e  modula t ion  t r a n s f e r  f u n c t i o n  (MTF) of t h e  o p t i c a l  

The p u l s e  o u t p u t  from t h e  v i d i c o n  c o n t a i n s  t h e  v i d e o  i n f o r m a t i o n  i n  t h e  peak 
1 

v a l u e  o f  e a c h  lO-psec p u l s e .  The p u l s e s  a re  a m p l i f i e d  by a wide-band p reampl i-  

f i e r  i n  t h e  camera u n i t  and t h e  v i d e o  a m p l i f i e r  i n  t h e  TVEU. The a m p l i f i e r  o u t -  

p u t  i s  f i l t e r e d  t o  r e c o n s t r u c t  t h e  a n a l o g  v i d e o  s i g n a l .  The v i d e o  o u t p u t  i s  f i l -  

t e r e d  above 3.47 kHz w i t h  a s h a r p  r o l l - o f f  t o  r educe  the a m p l i t u d e  o f  a l i a s i n g  

f r e q u e n c i e s  due t o  t h e  a n a l o g - t o - d i g i t a l  c o n v e r s i o n .  

The a n a l o g - t o - d i g i t a l  c o n v e r t e r  samples  t h e  v i d e o  o u t p u t  a t  240 samples  p e r  

l i n e  and c o n v e r t s  t h e  samples  t o  6 - b i t  b i n a r y  codes .  The a n a l o g - t o - d i g i t a l  con- 

v e r s i o n  r a t e  i s  c o n t r o l l e d  by t h e  c l o c k  s i g n a l  from t h e  s c i e n c e  d a t a  subsystem 

e n s u r i n g  f u l l  s y n c h r o n i z a t i o n .  

A beam c u r r e n t  r e g u l a t o r  compensates f o r  t h e  e f f e c t s  o f  ca thode  a g i n g  and 

v a r i a t i o n s  i n  c a t h o d e  t e m p e r a t u r e .  

3 .3 .2 .2 .2  Sc ience  Data Subsystem 

The E n t r y  Sc ience  Package s c i e n c e  d a t a  subsystem can  a c c e p t  and p r o c e s s  ana-  

l o g  measurements,  d i g i t a l  measurements,  and b i l e v e l  d i s c r e t e  e v e n t  i n p u t s  from 

t h e  E n t r y  S c i e n c e  Package i n s t r u m e n t s  and components. 

E n t r y  Sc ience  Package i n s t r u m e n t s  and components a r e  sequenced by t h e  s c i e n c e  

The measurements from 
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d a t a  subsystem, a re  f o r m a t t e d  and p l a c e d  i n  t h e  s t a t i c  s t o r a g e  u n i t  f o r  n o n r e a l-  

t ime t r a n s m i s s i o n  o v e r  t h e  UHF RF l i n k .  T e l e v i s i o n  image d a t a  a r e  sequenced i n  

r ea l  t i m e  t o  t h e  UHF RF l i n k  by t h e  s c i e n c e  d a t a  subsystem.  

Each measurement i s  sampled a c c o r d i n g  t o  t h e  fo rmat  o f  t h e  a p p l i c a b l e  d a t a  

mode. A l l  d a t a  sequenced by t h e  s c i e n c e  d a t a  subsystem are i d e n t i f i e d  by a t i m e  

code t o  e s t a b l i s h  t i m e  o f  o c c u r r e n c e .  Nonreal  t i m e  (NRT) d a t a  f o r m a t s  a re  i d e n-  

t i f i e d  by a 1 7 - b i t  pseudorandom s y n c h r o n i z a t i o n  code ;  a un ique  code i s  used t o  

d i s t i n g u i s h  between major  and minor fo rmat  frames. R e a l - t i m e  (RT) t e l e v i s i o n  

image d a t a  are  i d e n t i f i e d  by a TV l i ne  c o u n t ,  frame coun t ,  v i d i c o n  number, and 

a t i m e  code f o r  t ime o f  o c c u r r e n c e .  A 3 0- b i t  pseudorandom s y n c h r o n i z a t i o n  code  

i s  used f o r  TV l i n e  s y n c h r o n i z a t i o n .  

F i g u r e  3.3-15 i s  a f u n c t i o n a l  b l o c k  diagram o f  t h e  p r e f e r r e d  p r e l i m i n a r y  de-  

s i g n  o f  t h e  E n t r y  Sc ience  Package s c i e n c e  d a t a  subsystem u n i t .  The f o l l o w i n g  a re  

d e s c r i p t i o n s  of  i t s  major  f u n c t i o n a l  e l e m e n t s .  

Sequencer-Timer U n i t  - The sequencer- t imer  u n i t  c o n t r o l s  t h e  t iming  and se- 

quencing f u n c t i o n s  o f  t h e  E n t r y  Sc ience  Package and t h e  s c i e n c e  d a t a  subsystem 

u n i t .  The u n i t  c o n s i s t s  of  a master o s c i l l a t o r  f r e q u e n c y  s o u r c e  t h a t  i s  the t i m e  

b a s e  f o r  a l l  s c i e n c e  d a t a  subsystem f u n c t i o n s ,  a n o n v o l a t i l e  s e q u e n c e / t i m e r  f o r  

c o n t r o l l i n g  t h e  t i m e  o f  commands, i n p u t  e v e n t  c i r c u i t r y ,  and o u t p u t  command c i r -  

c u i  t r y .  

I n p u t  e v e n t  s i g n a l s  a re  r e c e i v e d  by  t h e  s c i e n c e  d a t a  subsystem sequencer  from 

t h e  Capsule  Bus sequencer  t i m e r  decoder  based upon F l i g h t  Capsu le  e v e n t s  i n  o r d e r  

t o  perform i t s  t i m e  sequenc ing  f u n c t i o n s  o f  t h e  E n t r y  Sc ience  Package s c i e n c e  d a t a  

subsystem i n s t r u m e n t s  and components.  The Capsu le  Bus sequencer  t i m e r  decoder  

i n p u t  s i g n a l s  i n c l u d e :  

1) Power t u r n- o n  a t  T-1800 s e c  

2 )  300 f t / s e c  v e l o c i t y  s i g n a l  

3) A e r o s h e l l  s t a g i n g  s i g n a l  

4 )  4500- f t  a l t i t u d e  s i g n a l  

5 )  V e r n i e r  shutdown 

6) Power shutdown s i g n a l  a f t e r  l a n d i n g .  

Backup commands t o  t h e  above signals and t o  o t h e r  events c o n t r o l l e d  b y  the 

s c i e n c e  d a t a  subsystem sequencer  are a l s o  r e c e i v e d  from t h e  Capsu le  B u s  sequencer  

t i m e r  d e c o d e r ,  
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F i g .  3 .3- 15 Functional  Block Diagram of Science Data Subsystem 
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i The f o l l o w i n g  s i g n a l s  and c o n t r o l  commands a r e  i s s u e d  by t h e  s c i e n c e  d a t a  1 
subsystem sequencer :  

1) Power t u r n- o n  o f  E n t r y  Sc ience  Package i n s t r u m e n t s  and e l e c t r o n i c  compo- 

n e n t s  

2) I n i t i a t i o n  o f  i n s t r u m e n t  c a l i b r a t i o n  s i g n a l  

3 )  I n i t i a t i o n  o f  s c i e n c e  d a t a  subsystem d a t a  mode s i g n a l  (see d i s c u s s i o n  of 

f o r m a t s  f o l l o w i n g )  

I n i t i a t e  s c i e n c e  d a t a  subsystem s t a t i c  s t o r a g e  u n i t  c l e a r l r e a d l w r i t e  s i g -  

na 1 
4 )  

5) I n i t i a t e  mass s p e c t r o m e t e r  c l o c k  s i g n a l ,  frame s t a r t ,  l i n e  s t a r t  commands 

6) I n i t i a t e  t e l e v i s i o n  c l o c k  s i g n a l ,  frame s t a r t ,  l i n e  s t a r t  cemmands 

7) I n i t i a t e  ordnance a r m ,  f i r e  and s a f e  commands f o r  mass s p e c t r o m e t e r  sam- 

p l e  g a s  r e l e a s e  and opening of l e a k  

8 )  I n i t i a t e  ordnance arm, f i r e  and safe  commands; expose  TV camera by re-  

moving t h e  q u a r t z  window c o v e r ,  

The s c i e n c e  d a t a  subsystem sequencer  d e s i g n  uses a t r i p l e - r e d u n d a n t  redun-  

d a n t  v o t e r  approach  t o  a c h i e v e  t h e  s c i e n c e  d a t a  subsystem r e l i a b i l i t y  require-  

ments .  See pa ragraph  3 .3 .2 .8  f o r  a d i s c u s s i o n  of redundancy.  .b 
The need f o r  p r e s e p a r a t i o n  u p d a t i n g  c a p a b i l i t y  i n  t h e  s c i e n c e  d a t a  subsystem 

sequencer  d e s i g n  was s t u d i e d .  An e v a l u a t i o n  o f  the E n t r y  Sc ience  Package opera-  

t i o n s  sequence d i s c l o s e d  o n l y  t h r e e  e v e n t s  t h a t  r e q u i r e d  upda te  c a p a b i l i t y ,  a l l  

o f  which were i s s u e d  from t h e  C a p s u l e  B u s  sequencer  t i m e r  decoder .  T h e r e f o r e ,  

no upda te  c a p a b i l i t y  f o r  t h e  s c i e n c e  d a t a  system sequencer  t imer i s  p r o v i d e d .  

Those E n t r y  Sc ience  Package e v e n t s  t h a t  r e q u i r e  u p d a t i n g  a r e  updated i n  t h e  Cap- 

s u l e  B u s  sequencer  t imer d e c o d e r .  

Format Programer - The fo rmat  programer a c c e p t s  t h e  master o s c i l l a t o r  c l o c k  

p u l s e s  from t h e  sequencer  and c o n t r o l  u n i t  and by t h e  u s e  o f  b i n a r y  c o u n t e r s ,  

d i o d e  m a t r i x e s ,  and o t h e r  l o g i c  c i r c u i t r y ,  p r o v i d e s  t h e  t i m i n g  and sequencing 

p u l s e s  r e q u i r e d  by t h e  sampl ing and encoding p o r t i o n  o f  t h e  s c i e n c e  d a t a  subsys-  

t e m  u n i t .  These  t i m i n g  and sequenc ing  p u l s e s  r e s u l t  i n  t h e  g e n e r a t i o n  o f  d a t a  

f o r m a t s  r e q u i r e d  by t h e  E n t r y  Sc ience  subsystem s c i e n c e  d a t a  subsystem t o  c o l l e c t  

and s t o r e  s c i e n c e  d a t a  from e n t r y  t o  l a n d i n g  phase  o f  f l i g h t .  

Three  d a t a  f o r m a t s  a re  used by t h e  s c i e n c e  d a t a  subsystem u n i t .  Format A 

(Tab le  3 .3- 2)  i s  used from e n t r y  a t  800,000 f t  t o  3000 f t / s e c  v e l o c i t y .  

fo rmat ,  s c i e n c e  d a t a  a re  c o l l e c t e d  on a tmospher ic  compos i t ion ,  d e n s i t y ,  and 

s t r u c t u r e .  E n g i n e e r i n g  d a t a  on t h e  performance o f  v a r i o u s  s c i e n c e  i n s t r u m e n t s  

I n  t h i s  

i’ 
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Table 3-3-2 Format A NRT Data Entry (800,000 Ft) to 3000 Ft/Sec Velocity 

MEAsuREMBNT 

Science Data 

Atmospheric Composition 
Modulator Sweep, Mass Spectrometer 
*Pressure,Stagnation, (NASA Ames) 
Ypressure, stagnation (Rosemount) 
*Acceleration, Longitudinal 
*Acceleration, Lateral 
*Acceleration, Vertical 

Engineering Data 
Science and Power Subsystem 

Temperature, Pressure Stagnation 
Temperature, Pressure Stagnation 
Temperature, Acceleration, Long. 
Temperature, Acceleration, lat. 
Temperature, Acceleration, Vert. 
Temperature SDS Unit 
Volts, 28 VDC Power Subsystem 
Current, 28 VDC Power Subsystem 

Bilevcl Event Data (20) 

TV power turn on 
Instrument calibrate Initiate 
Mass spectrometer sequencing 
T-800,000 ft command 
(Spare Bilevel Channels - 16) 

Spare Data Channels Analog 

4 Data Channels 
2 Data Charnels 
4 Data Channels 

Time Code 

Sync Code 

SAMPLES / 
SECOND 

BITS 1 
WORD 

7 
7 
10 
10 
10 
10 
10 

7 
7 
7 
7 
7 
7 
7 
7 

10 

10 
10 
7 

17 

17 

BITSIWOR FBAME 
BXTSIMINOR FRAME 

WORDS / 
MAJOR 
FRAME 

56 
56 
16 
16 
16 
16 
16 

4 
4 
4 
4 
4 
4 
4 
4 

8 

64 
8 
16 

16 

16 

BITS/ 
MAJOR 
FRAME 

392 
392 
160 
160 
160 
160 
16 0 

28 
28 
28 

28 
28 
28 
28 

28 

80 

640 
80 
112 

272 

2 72 

3264 
204 bps 

REMARKS 

Note 1 
Note 2 

Note 3 

NOTES 

A major frame equals 16 minor frames; minor frame rate is one per second. 

*Analog data paralleled for back-up by C/B telem8try. 

Note 1: ‘The 56 digital words from the mass spectrometer represent 50-7 bit atmospheric composition 
words and 6 - 7 bit spectrmeter enginaerlng data words. 
The 56 spectrometer sweap words are 50 - 7 bit sweep calibration words and 6 - 7 bit 
spectrometer engineering words. 

20 bilevel channels of on-off event data (2-10 bit words, each bilevel channel represents 1 bit). 

Note 21 

Note 3: 
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and power subsystem are  a l s o  g a t h e r e d  wi th  e v e n t ,  t i m e ,  and sync code informa-  

t i o n .  
'\ i 

The d i f f e r e n t  sampl ing rates and b i t s  p e r  word a re  g i v e n  i n  T a b l e  3 . 3 - 2 ,  

Format B (Table  3.3-3) i s  employed from 3000 f t / s e c  v e l o c i t y  t o  a e r o s h e l l  

s e p a r a t i o n  f o r  a d d i t i o n a l  p r e s s u r e ,  t e m p e r a t u r e ,  and a c c e l e r a t i o n  d a t a  r e l a t e d  

t o  t h e  a tmosphere .  E n g i n e e r i n g  d a t a  on t h e  performance o f  s c i e n c e  i n s t r u m e n t s  

and t h e  E n t r y  Sc ience  Package subsystems a re  a l s o  c o l l e c t e d  a l o n g  w i t h  e v e n t s ,  

t i m e  code,  and sync code d a t a .  

Format C (Table  3 .3- 4)  i s  employed from a e r o s h e l l  s e p a r a t i o n  t o  l a n d i n g .  

T h i s  fo rmat  i s  used t o  c o l l e c t  d a t a  d u r i n g  t h e  t e r m i n a l  d e s c e n t .  The s c i e n c e  

d a t a  c o l l e c t e d  i n  t h i s  fo rmat  i n c l u d e  a tmospher ic  compos i t ion ,  mass s p e c t r o m e t e r  

d a t a ,  p r e s s u r e ,  t e m p e r a t u r e ,  and humid i ty .  E n g i n e e r i n g  performance d a t a  from 

t h e  d i f f e r e n t  s c i e n c e  i n s t r u m e n t s  and E n t r y  Sc ience  Package subsystems a r e  a l s o  

c o l l e c t e d  w i t h  e v e n t ,  t i m e  code,  and sync code d a t a .  

Formats A and B c o n s i s t  o f  16  minor  f rames p e r  ma jor  frame wi th  384 words p e r  

major  f rame.  Minor frame ra te  i s  1 p e r  s e c  w i t h  204 b i t s  p e r  minor frame, 

Format C c o n s i s t s  of 1 6  minor f rames  p e r  major frame w i t h  512 words p e r  

major frame. Format C minor frame r a t e  i s  1 p e r  s e c  w i t h  248 b i t s  p e r  minor 

,a frame . 
F i g u r e  3.3-16 i s  a f u n c t i o n a l  b l o c k  diagram o f  t h e  programer t o  g e n e r a t e  

Formats A ,  B,  and C. A t h r e e  s t a g e  b i t  c o u n t e r  rese ts  a f t e r  each  1 0 - b i t  and 

7 - b i t  sequence i n  Formats A and B,  and resets a f t e r  each t h r e e  7 - b i t ,  one 1 0 - b i t  

sequence i n  Format C .  The 5- s t a g e  word c o u n t e r  resets  a t  24 words i n  Formats  

A and B and a t  32 words i n  Format 6. The 4-stage frame c o u n t e r  rese ts  a t  1 6  

frames i n  each f o r m a t .  

A f o u r t h  f o r m a t ,  Tab le  3.3-5, i s  used f o r  t r a n s m i s s i o n  o f  t e l e v i s i o n  image 

d a t a .  T h i s  r e a l - t i m e  fo rmat  c o n s i s t s  o f  1440 b i t s  o f  image d a t a  (one TV image 

l i n e ) ,  18 b i t s  o f  i d e n t i f i c a t i o n  d a t a ,  1 2  b i t s  o f  t i m e ,  and 30 b i t s  o f  sync d a t a  

f o r  a t o t a l  o f  1500 b i t s  p e r  TV l i n e .  There  a r e  280 h o r i z o n t a l  s c a n  TV l i n e s  

f o r  a complete  TV image. The i d e n t i f i c a t i o n ,  sync,  and t ime code d a t a  a re  i n -  

s e r t e d  between l i n e  s c a n s ,  d u r i n g  t h e  2-ms beam s p o t  f l y b a c k  t i m e .  

A t r i p l e - r e d u n d a n t  r edundan t  v o t e r  programer d e s i g n  i s  used t o  meet t h e  

s c i e n c e  d a t a  subsystem r e l i a b i l i t y  r e q u i r e m e n t s .  

Analog M u l t i p l e x e r  - T r a n s i s t o r  s w i t c h i n g  i s  used f o r  a n a l o g  m u l t i p l e x  sam- 

p l i n g  of  s c i e n c e  and e n g i n e e r i n g  d a t a  i n t o  t h e  s c i e n c e  d a t a  subsystem.  Both 

h i g h - l e v e l  ( 0  t o  5 vdc) and low- leve l  ( 0  t o  40 mvdc) sampl ing i s  performed.  
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Table 3.3-3 Format B NRT Data 3000 FtlSecond Velocity to Aeroshell Staging 

MEASUBEMENT 

Science Data 

*Pressure, Stagnation. WsA hes) 
*Pressure. Stagnation, (Rosemount) 
*Acceleration, longitudinal 
*Acceleration, Lateral 
*Acceleration, Vertical 
Wemperature. Total 

Engineering Data 
Science and Power Subsystem 

Temperature, Pressure Stagnation 
Temperature, Pressure Stagnation 
Temperature, Acceleration, long. 
Temperature, Acceleration, Ut. 
Temperature, Acceleration, Vert. 
Temperature, SDS Unit 
Volts, 28 M C  Power Subsystem 
Current, 28 M C  Power Subsystem 

Communication Subsystem 

Volts Bias UHF Transmitter 1 
Volts. Bias UHF Transmitter 2 
Power output UHF Transmitter 1 
Power output UHF Transmitter 2 

Television - Entry 
Current, vidicon filament 
Video, output, peak detector 
Current, horizontal deflection 
Current, vertical deflection 
Voltage, power supply multivibrator 
Temperature, vidicon faceplate 
Iris follow 
Volts, photometer output 
Volts, 6.3V regulator 
Volts, grid regulator 
Volts, focus regulator 
Temperature, power conditioner 

Bilevel Event Data (20) 

3000 ftlsec velocity signal 
Format B data modes 
UAP Transmitter on 
Static storage read-out 
T1I frame sequence initiate 
TV prepare lamp circuit 
TV wobbler circuit 
(Spare Bilevel Channels - 13) 

Spare Data Channels Analog 

3 Data Channals 
2 Data h a n n d s  
16 Data Channels 

Time Code 

sync Code 

SAMeLES I 
SECOND 

1 
1 
1 
1 
1 
1 

114 
114 
114 
114 
114 
114 
114 
114 

114 
114 
114 
114 

114 
114 
1 I4 
114 
114 
114 
114 
114 
114 
114 
114 
114 

114 

1 
114 
114 

1 

1 

BITS I 
WORD 

10 
10 
10 
10 
10 
10 

7 
7 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 
I 
7 
7 

10 

10 
10 
7 

17 

17 

BITShlAJOR FRAME 
BITSIEOMOR FBAME 

WORDS I 
MAJOR 
FRAME 

16 
16 
16 
16 
16 
16 

4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

8 

46 
8 
64 

16 

16 

BITS/ 
MAJOR 
FRAME 

160 
160 
160 
160 
160 
160 

28 
28 
28 
28 
28 
28 
28 
28 

28 
28 
28 
28 

28 
28 
28 
28 
28 
28 
28 
28 
26 
28 
28 
28 

80 

460 
80 
446 

272 

272 

3264 
204 bps 

NOTBS 

A major frame equals 16 minor frames; minor frame rate is one per second. 

*Analog science data paralleled for back-up by C/B telemetry. 

NOTE 1: 20 bilevel charnels of on-off event data (2-10 bit words, each bilevel channel 
represents 1 bit). 

BEHARgs 

Note 1 
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Table 3.3-4 Format C NBT Data Aeroshell Staging to  lending + 120 Seconds 

SAHPLBSI 
SBCOM) 

Science Data 

Atmospheric Composition 
Hodulation Sweep, Hens Spectrometer 

*Pressure, Total 
*Temperature Total 
Wmidity 
*Acceleration, longitudinal 
*Accalaration. l a t a ra l  
*Acceleration, Vertical 

Bngiluaring Data 
Science and Power Subsystem 

Temperature. SDS Unit 
Temperature, Pressure Total 
Temperature, Temperature Total 
Temperature. Humidity 
Temperature, Accel. Long. 
Temperature. Accel. Ut. 
Temperature, Accel. V e r t .  
Volts, 28 VDC Parer Subsystem 
Current, 28 VDC Power Subsystem 

BITS1 
WOBD 

Communication Subsystem 

volts ,  Bias VBP Transmitter 1 
Volts, Bias UtlF Transmitter 2 
Power Output VBP Transmitter 1 
power output Lm Transmitter 2 

Television - TDL 
Current. Vidicon filamrnt 
Vidm output, peak datector 
Current, horizontal deflection 
Currmut, vert ical  deflection 
voltage. p a R r  supply muleivibrator 
Temperature, vidicon faceplate 
Iris follqv 
Volta, phot-ter output 
Volts, 6.3V regulator 
Volts, grid regulator 
Volts, focus regulator 
Temperature, power conditioner 

llilrvel Event Data (20) 

Aeroshell separate signel 
P o m t  C data mode 
s t a t i c  storage red-out  
lY frame sequence i n i t i a t e  
Vernier a ta r t  cDlmDand 
Vernier shut-down cormand 
l e s s  epeetrometer i n i t i a t e  
TV prepare lamp circui t  
TV vobbler c i rcu i t  
l Y  lens cap position 

(spare Bilevel channels - 10) 
Spare Data Channels Analog 

7 Data channels 
3 Data channels 

Tima Code 

Sync Code 

118 
118 

112 
112 
112 
112 
112 
112 

114 
114 
114 
114 
114 
114 
114 
114 
114 

114 
114 
114 
1 / 4  

114 
114 
114 
114 
1 I4 
114 
114 
114 
I. I4 
114 
114 
114 

114 

112 
114 

1 

1 

7 
7 

10 
10 
10 
10 
10 
10 

7 
7 
7 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

10 

10 
7 

14 

17 

WOanSl 
N&ToB 
PBANB 

112 
112 

8 
8 
8 
8 
8 
8 

4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

8 

56 
12 

16 

16 

784 
784 

80 
80 
80 
80 
80 
80 

28 
28 
28 
28 
28 
28 
28 
28 
28 

28 
28 
28 
28 

28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 

80 

560 
84 

224 

272 

3968 
248 bps 

A major frame equals 16 minor frame; minor fr- r a te  is one per second. 

*Analog science data paralleled for  back-up by CIB Telamtry. 

Note 1, The 112 digi tal  words from the mass spectrometer rapresent 100-7 b i t  atmospheric 
composition words and 12-7 b i t  apectr-tar engineering data words. 

The 112 spectrometer sweep words are 100-7 b i t  8waep calibration words and 12-7 b i t  
spectrometer engineering words. 

20 bi level  channels of on-off event data (2-10 b i t  words, each bilevel channel 
represents 1 b i t ) .  

Note 2: 

Note 3, 

3.3-39 

Nota 1 
Nota 2 

Note 3 
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H i g h- l e v e l  i n p u t s  a re  a c c e p t e d  from s i n g l e- e n d e d  v o l t a g e  s o u r c e s  w i t h  s o u r c e  

Low- level  i n p u t s  are a c c e p t e d  d i f f e r e n t i a l l y  impedance no t  g r e a t e r  t h a n  5000 R. 
from ba lanced  v o l t a g e  s o u r c e s  t o  e l i m i n a t e  common mode v o l t a g e  problems.  

Analog channe l  i n p u t  impedance d u r i n g  sampl ing i s  a minimum of  1 MR and d u r-  

i n g  t h e  nonsampling p e r i o d s ,  50 MR minimum. 

The m u l t i p l e x e r  schemat ic  shown i n  F i g .  3.3-17 i s  t y p i c a l  o f  t h o s e  used t o  

sample low- leve l  s o u r c e s  wi th  large common mode v o l t a g e s .  The i n d i c a t e d  switches 

a r e  implemented w i t h  f i e l d - e f f e c t  t r a n s i s t o r s  t h a t  have e x c e l l e n t  o n l o f f  imped- 

a n c e  r a t i o s .  A s  i l l u s t r a t e d ,  i n p u t  1 i s  b e i n g  sampled and i n p u t  2 i s  i n  the 

s t a n d b y  c o n d i t i o n .  

Dur ing t h e  s t a n d b y  s t a t e ,  t h e  sampl ing c a p a c i t o r  c h a r g e s  up t o  the s i g n a l  

v o l t a g e ,  which may be  f l o a t i n g  on a common mode v o l t a g e .  Dur ing t h e  sampl ing  

i n t e r v a l ,  t h e  c a p a c i t o r  i s  d i s c o n n e c t e d  from t h e  s o u r c e  and connec ted  t o  t h e  

i n p u t  o f  t h e  a m p l i f i e r .  T h i s  e l i m i n a t e s  t h e  common mode v o l t a g e  and o n l y  the 

s i g n a l  v o l t a g e  i s  a m p l i f i e d .  

Low-Level A m p l i f i e r  - The l o w- l e v e l  a m p l i f i e r  i s  a 0 t o  40 mv i n p u t ,  d c  

a m p l i f i e r  w i t h  a v o l t a g e  g a i n  o f  125 .  The d e s i g n  r e q u i r e m e n t s  f o r  t h e  a m p l i f i e r  

a re  t o  m a i n t a i n  a c o n s t a n t  v o l t a g e  g a i n ,  a low d c  d r i f t ,  a h i g h  d e g r e e  o f  s ta-  

b i l i t y ,  w i t h  a h i g h  common mode r e j e c t i o n  r a t i o  and a h i g h  i n p u t  impedance 

(1 MR minimum). 

The low- leve l  a m p l i f i e r  a c c e p t s  0 t o  40 Mv r a n g e  sampled d a t a  from t h e  low- 

l e v e l  a n a l o g  m u l t i p l e x e r s  and a m p l i f i e s  t h i s  s i g n a l  t o  a p r o p o r t i o n a l  o u t p u t  

v o l t a g e  by a g a i n  f a c t o r  o f  125.  The a m p l i f i e d  o u t p u t  i s  a p p l i e d  t o  t h e  7 - b i t  

a n a l o g - t o - d i g i t a l  c o n v e r t e r  f o r  d i g i t i z i n g ,  

A n a l o g- t o- D i g i t a l  C o n v e r t e r  (ADC) - The 7 - b i t  ADC r e c e i v e s  0-  t o  5-v signals 

from t h e  l o w- l e v e l  a m p l i f i e r  and c o n v e r t s  t h i s  a n a l o g  v o l t a g e  t o  a 7 - b i t  b i n a r y  

q u a n t i t y  by a s u c c e s s i v e  approx imat ion  c o n v e r s i o n  t e c h n i q u e .  The s p e c i f i c  b i -  

n a r y  r e p r e s e n t a t i o n s  o f  t h e  c o n v e r s i o n  a re :  

1) F u l l  s c a l e  (5 v) - 1111111 
2)  Zero s c a l e  ( 0  v) - 0000000. 

I n  d i g i t i z i n g  a 0- t o  5-v s i g n a l  t o  10 b i t s ,  t h e  we igh t  o f  t h e  least  s ig-  

n i f i c a n t  b i t  i s  0.975 m v ,  which r e p r e s e n t s  0.0975% o f  t h e  f u l l - s c a l e  5-v 

s i g n a l .  
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A l l  a n a l o g  s c i e n c e  exper iment  d a t a  d i g i t i z e d  by t h e  s c i e n c e  d a t a  subsystem 

are  d i g i t i z e d  t o  a 1 0 - b i t  b i n a r y  l eve l .  Analog d i g i t a l  c o n v e r s i o n  a t  7, 8 ,  and 

10 b i t s  was e v a l u a t e d .  A 1 0 - b i t  ADC i s  s e l e c t e d  f o r  s c i e n c e  i n s t r u m e n t s  t o  as-  

s i s t  i n  r e a l i z i n g  t h e  +1% o v e r a l l  a c c u r a c y  requ i rement  f o r  t h e s e  measurements.  

I n  p a r t i c u l a r  S e i f f  and Reese* have shown t h a t  a t  l ea s t  0.1% a c c u r a c y  i n  t h e  ac- 

c e l e r o m e t e r  i n s t r u m e n t s  i s  r e q u i r e d .  T h i s  a c c u r a c y  i s  p rov ided  by t h e  Bell a c -  

c e l e r o m e t e r s ,  and 1 0 - b i t  encoding i s  r e q u i r e d  t o  u s e  t h i s  performance.  A l l  ana-  

l o g  e n g i n e e r i n g  performance measurements p r e s e n t e d  t o  t h e  s c i e n c e  d a t a  subsystem 

a r e  d i g i t i z e d  to  a 7 - b i t  b i n a r y  level .  R e f e r  t o  Tab le  3.3-2 th rough  3 . 3- 5  d a t a  

f o r m a t s  f o r  d a t a  encod ing  levels .  

Atmospheric compos i t ion  s c i e n c e  and e n g i n e e r i n g  d a t a  from t h e  mass spectrom-  

e t e r s  a r e  d i g i t i z e d  t o  7 - b i t  d a t a  words w i t h i n  t h e  mass s p e c t r o m e t e r  and p r e-  

s e n t e d  t o  t h e  s c i e n c e  d a t a  subsystem i n  s e r i a l  d i g i t a l  form. T e l e v i s i o n  image 

d a t a  a r e  d i g i t i z e d  t o  a 6 - b i t  b i n a r y  l eve l  and p r e s e n t e d  t o  t h e  s c i e n c e  d a t a  

subsystem i n  se r ia l  d i g i t a l  form. 

The d e s i g n  a l t e r n a t i v e s  o f  a n a l o g - t o - d i g i t a l  c o n v e r s i o n  i n  t h e  s c i e n c e  d a t a  

subsystem,  o r  w i t h i n  t h e  i n s t r u m e n t  e l e c t r o n i c s ,  were c o n s i d e r e d  f o r  t h e  TV and 

mass s p e c t r o m e t e r  i n s t r u m e n t s .  I n  b o t h  c a s e s ,  d i g i t a l  encoding i n  t h e  i n s t r u m e n t  

e l e c t r o n i c s  i s  s e l e c t e d .  T h i s  approach  s i m p l i f i e s  t h e  i n t e r f a c e s  o f  t h e s e  com- 

p l e x  i n s t r u m e n t s  and makes i t  easier  t o  i n t e g r a t e  them i n t o  t h e  subsystem. The 

mass s p e c t r o m e t e r  c o n s t r a i n t  o f  a d i g i t a l  o u t p u t  i s  obse rved  i n  a s s i g n i n g  the 

encod ing  f u n c t i o n  t o  t h e  i n s t r u m e n t  e l e c t r o n i c s .  

The ADC shown i n  F i g .  3.3-18 uses t h e  ser ies  s u c c e s s i v e  approx imat ion  t e c h-  

n ique  t o  de te rmine  t h e  d i g i t a l  v a l u e  o f  a n  i n p u t  a n a l o g  s i g n a l .  With t h i s  t ech-  

n ique ,  t h e  d i g i t a l  number i n  t h e  c o n v e r s i o n  r eg i s t e r  i s  c o n v e r t e d  t o  a propor-  

t i o n a l  a n a l o g  v o l t a g e  th rough  t h e  a n a l o g  s w i t c h e s  and l a d d e r  network.  T h i s  ana-  

l o g  v o l t a g e  i s  t h e n  compared t o  t h e  i n p u t  v o l t a g e  and t h e  r e s u l t a n t  o u t p u t  used 

t o  improve t h e  d i g i t a l  number i n  the c o n v e r s i o n  r e g i s t e r ,  which approx imates  t h e  

a n a l o g  i n p u t  s i g n a l .  I n  t h i s  manner, the a n a l o g  i n p u t  s i g n a l  i s  conver ted  b i t -  

b y- b i t  i n t o  a d i g i t a l  v a l u e  w i t h  t h e  most s i g n i f i c a n t  b i t  de te rmined  f i r s t  and 

t h e  l ea s t  s i g n i f i c a n t  b i t  de te rmined  l a s t .  A b u f f e r  i s  used i n  t h e  i n p u t  t o  t h e  

comparator  t o  match t h e  impedance l eve l  o f  t h e  l a d d e r  network t o  t h e  comparator .  

* S e i f f ,  A . ;  Reese, D .  E . ,  Jr: A s t r o n a u t i c s  and A e r o n a u t i c s ,  Feb. 1965, p 1 6 .  
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The r e f e r e n c e  s u p p l y  i s  a p r e c i s i o n  v o l t a g e  s o u r c e  tha t  d e t e r m i n e s  the f u l l - s c a l e  

i n p u t  a n a l o g  v o l t a g e  r a n g e .  

s t a b l e  r e f e r e n c e  d i o d e  and o p e r a t i o n a l  a m p l i f i e r .  The l a d d e r  network sums the 

o u t p u t  v o l t a g e s  from t h e  a n a l o g  s w i t c h e s  i n  a n  a p p r o p r i a t e l y  we igh ted  combinat ion.  

The a n a l o g  s w i t c h e s ,  c o n v e r s i o n  r eg i s t e r ,  and c o n t r o l  l o g i c  shown i n  t h e  d o t t e d  

e n c l o s u r e  i n  F i g .  3.3-18 may be o b t a i n e d  on a s i n g l e  m o n o l i t h i c  c h i p  and a re  

a v a i l a b l e  up t o  a 1 0 - b i t  c o n v e r s i o n .  The programer  p r o v i d e s  c o n t r o l  and t i m i n g  

s i g n a l s  t o  t h e  ADC. 

T h i s  s u p p l y  i s  normal ly  mechanized w i t h  a h i g h l y  

D i g i t a l  M u l t i p l e x e r  A - D i g i t a l  M u l t i p l e x e r  A per fo rms  the f u n c t i o n  of  se- 

quencing s e r i a l  d i g i t a l  d a t a  from t h e  mass s p e c t r o m e t e r  and l o a d i n g  these d a t a  

i n  t h e  mass s p e c t r o m e t e r  b u f f e r  s t o r a g e  u n i t .  Commands f o r  sequenc ing  t h e  r e a d-  

o u t  of mass s p e c t r o m e t e r  d a t a  a re  i n i t i a t e d  by t h e  s c i e n c e  d a t a  subsystem se- 

quencer- t imer  u n i t .  

B u f f e r  S t o r a g e  - B u f f e r  s t o r a g e  i s  needed t o  sample d i g i t i z e d  s p e c t r o m e t e r  

d a t a  a t  one r a t e  (56 t o  57 b i t  words d u r i n g  2 - s e c ) ,  sequence and fo rmat  t h e s e  

d a t a  i n t o  t h e  s t a t i c  s t o r a g e  u n i t  a t  a n o t h e r  ra te  (Table  3.3-2 and 3.3-4 d a t a  

f o r m a t s ) .  

age e v e r y  1 6  s e c  d u r i n g  t h e  e n t r y  phase  of  Format A .  

s p e c t r o m e t e r  d a t a  a r e  c y c l e d  i n t o  b u f f e r  s t o r a g e  e v e r y  8 sec d u r i n g  t h e  t e r m i n a l  

d e s c e n t  and l a n d i n g  phase  o f  Format C .  T h i s  r e q u i r e s  a d u a l  3 9 2- b i t  b u f f e r  s tor-  

a g e  u n i t .  

Two 2- sec  sequences  o f  s p e c t r o m e t e r  d a t a  a r e  c y c l e d  i n t o  b u f f e r  s t o r -  

Two 2- sec  sequences  of 

Data a r e  sequenced i n t o  the s t a t i c  s t o r a g e  from t h e  b u f f e r  u n i t s  a t  t h e  ra te  

of  7 words p e r  second d u r i n g  Format A and 14 words pe r  second d u r i n g  Format C .  

D i g i t a l  M u l t i p l e x e r  B - D i g i t i z e d  d a t a  from t h e  f o l l o w i n g  s o u r c e s  a r e  se- 

quenced by t h i s  m u l t i p l e x e r :  

1) 
2) D i g i t i z e d  a n a l o g  s c i e n c e  d a t a  from t h e  1 0 - b i t  ADC 

3) 

4 )  B i l e v e l  e v e n t  d a t a  from s c i e n c e  and e n g i n e e r i n g  performance 

5)  D i g i t i z e d  t ime code d a t a  

6) D i g i t i z e d  sync code data ,  

The d a t a  from t h e s e  s o u r c e s  a r e  i n t e r r o g a t e d  a t  s p e c i f i e d  t i m e s  as  r e q u i r e d  

D i g i t i z e d  a n a l o g  e n g i n e e r i n g  d a t a  from t h e  7 - b i t  ADC 

D i g i t i z e d  mass s p e c t r o m e t e r  d a t a  from b u f f e r  s t o r a g e  

by t h e  frame f o r m a t .  The o u t p u t  o f  t h e  m u l t i p l e x e r  i s  s e r i a l l y  f e d  t o  t h e  s t a t i c  

s t o r a g e  u n i t .  T h i s  d i g i t a l  m u l t i p l e x e r  implements the d a t a  f o r m a t s  th rough  the 

sequence and r a t e  a t  which d a t a  a r e  sampled and s t o r e d .  

MARTIN MARIETTA CORPORATION 
D E N V E R  D I V I S I O N  



3 3-47 
FR-22-103 Vol I V  S e c t  I 

S t a t i c  S t o r a g e  - S t o r a g e  o f  non-TV (NRT f o r m a t s )  e n t r y  s c i e n c e  subsystem d a t a  ! )  
, i s  n e c e s s a r y  f o r  the f o l l o w i n g  r e a s o n s :  

9 1) The UHF RF t r a n s m i s s i o n  l i n k  i s  n o t  a v a i l a b l e  from 800,000 f t  a l t i t u d e  

t o  3000 f t / s e c o n d  v e l o c i t y  e v e n t  f o r  real- t ime t r a n s m i s s i o n  o f  d a t a .  

T h i s  i s  a nominal p e r i o d  o f  340 s e c  d u r i n g  which d a t a  must b e  s t o r e d  

When t h e  RF l i n k  i s  t u r n e d  on a t  3000 f t / s e c  v e l o c i t y ,  t e l e v i s i o n  

image d a t a  a re  t r a n s m i t t e d  i n  rea l  t i m e  i n  8 .4- sec  i n t e r v a l s  r e q u i r i n g  

s t o r a g e  of  non-TV s c i e n c e  d a t a  d u r i n g  TV t ramsrniss ion.  Non-TV s c i e n c e  

d a t a  a r e  r e a d  o u t  o f  s t o r a g e  d u r i n g  t h e  2- sec  v i d i c o n  erase and frame 

p r e p a r a t i o n  p e r i o d  f o r  t h e  n e x t  TV image 

2) 

3 )  The s t a t i c  s t o r a g e  a l s o  s e r v e s  a s  a b u f f e r  f o r  non-TV s c i e n c e  d a t a  t h a t  

i s  c o l l e c t e d  a t  slow r a t e s  i n  Format A ,  B ,  and C and a re  t r a n s m i t t e d  a t  

t h e  much h i g h e r  ra te  of  50 kbs.  T a b l e  3 .3- 6 t a b u l a t e s  the t o t a l  b i t  

accumula t ion  of the s t a t i c  s t o r a g e  u n i t .  

Data Format 

T a b l e  3.3-6 E n t r y  S c i e n c e  System Data S t o r a g e  Requirement 

VM-8, 7-16O, Ve 4.5 km/sec VM-2, 7-13.6", Ve 4.3 km/sec VM-10, 7-9O, Ve 3.5 km/se, 

B i t s  
I u I 

Entry Period I B i t  Rate I Time (sec) Time (sec) I Bits I Time (sec) 

3000 f t / sec  Velocity 
to 

Aeroshell Staging 

Aeroshell Staging 
to 

4000 f t  Altitude 

250 

75 

20 

25 

Format B, 
204 bps 

Format C, 
248 bps 

Bits 

83,640 

42,840 

18,104 

6,200 

Data r e a d  i n t o  s t o r a g e  a re  f o r m a t t e d  d a t a  r e p r e s e n t i n g  t h e  o u t p u t  o f  d i g i t a l  

m u l t i p l e x e r  B and  a r e  d a t a  Formats  A ,  B, and C .  Upon command, d a t a  a r e  sequen-  

t i a l l y  r e a d  o u t  of s t o r a g e  a t  a f i r s t - i n  f i r s t - o u t  50-kbs r a t e ,  i n  a r e a d / r e s t o r e  

mode of  o p e r a t i o n .  The u n i t  c a n  be r e a d  o u t  w h i l e  c o n t i n u i n g  t o  s t o r e  d a t a .  The 

n e c e s s a r y  r e a d / w r i t e  c i r c u i t r y  i s  packaged w i t h  t h e  memory s t a c k .  
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The s t a t i c  s t o r a g e  u n i t  may be thought  of a s  a r i n g  o f  100,469 d a t a  b i t s  a s  

shown i n  F i g .  3.3-19. A l l  d a t a  a re  w r i t t e n  i n t o  and r e a d  from t h e  u n i t  i n  b i t -  

s e r i a l  f o r m a t .  The s t o r a g e  u n i t  remembers two d i f f e r e n t  a d d r e s s e s  a t  a l l  t imes  -- 
t h e  a d d r e s s  a t  which w r i t i n g  i s  t a k i n g  p l a c e ,  and t h e  a d d r e s s  a t  which r e a d i n g  

i s  t a k i n g  p l a c e .  

Address 0 

Write 
Addr e s s 

Address 

F i g u r e  3.3-19 100,469-Bit  Memory Ring 

A s  d a t a  are  t r a n s f e r r e d  t o  t h e  s t o r a g e  u n i t  f o r  w r i t i n g ,  t h e y  a r e  s t o r e d  i n  

s e q u e n t i a l  a d d r e s s e s  c lockwise  around t h e  r i n g .  W r i t i n g  i s  done by performing 

a c l e a r - w r i t e  o p e r a t i o n  a t  a memory a d d r e s s  f o r  e a c h  b i t  t o  be w r i t t e n .  Thus, 

when a l l  memory a d d r e s s e s  have been loaded ,  t h e  o l d e s t  d a t a  a re  t h e n  c l e a r e d  

o u t  as  new d a t a  a r e  r e c e i v e d .  

Reading of t h e  s t o r a g e  u n i t  i s  a lways performed by t r a n s m i t t i n g  a se r ies  of 

r e a d  commands t o  t h e  u n i t  a t  a 50 kbs  r a t e  u n t i l  a l l  d a t a  have been r e a d  and t h e  

r e a d  a d d r e s s  h a s  r e t u r n e d  t o  a d d r e s s  z e r o .  Reading i s  done by performing a r e a d -  

r e s t o r e  o p e r a t i o n  a t  a memory a d d r e s s  f o r  each b i t  t o  be r e a d  from t h e  u n i t .  “1 
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Thus d a t a  are  n o t  d e s t r o y e d  a s  t h e y  are  r e a d  from t h e  u n i t ,  and t h e  same d a t a  

may be r e a d  o u t  any  number o f  t imes.  

F i g u r e  3.3-20 i s  a b l o c k  diagram o f  t h e  s t o r a g e  u n i t .  A s e t  o f  c u r r e n t  

s t e e r i n g  s w i t c h e s  (a 14-way s w i t c h  d r i v i n g  seven 39-way s w i t c h e s ,  and a 16-way 

s w i t c h  d r i v i n g  e i g h t  46-way swi tches )  used t o  w r i t e  i n p u t  d a t a  i n t o  t h e  u n i t  i s  

shown. A l s o  r e q u i r e d  b u t  n o t  shown i s  a n o t h e r  s e t  of s w i t c h e s ,  i d e n t i c a l  t o  

t h o s e  shown, used t o  r e a d  d a t a  from t h e  u n i t .  

O p e r a t i o n  i s  i n i t i a t e d  by t r a n s m i t t i n g  a c l e a r  s i g n a l  t o  t h e  u n i t .  T h i s  

s i g n a l  s e t s  a l l  t h e  c u r r e n t  s t e e r i n g  s w i t c h e s  t o  a n  i n i t i a l  s t a t e  ( r e a d  and w r i t e  

a d d r e s s e s  b o t h  a t  z e r o  a d d r e s s ) .  

command t o  i t  f o r  each  b i t  o f  d a t a  t o  be r e a d  from t h e  u n i t .  

Data a r e  t h e n  loaded  by t r a n s m i t t i n g  a r e a d  

When a r e a d  command i s  r e c e i v e d ,  a n  unload s i g n a l  i s  g e n e r a t e d  by t h e  t iming  

and c o n t r o l  s e c t i o n .  The unload s i g n a l  c a u s e s  a c u r r e n t  to  be  s t e e r e d  through 

t h e  14-way s w i t c h  and,  i n  t u r n ,  through one o f  t h e  seven 39-way s w i t c h e s ,  then  

th rough  one o f  t h e  memory p l a n e ' s  273 Y-drive  l i n e s .  

s t e e r e d  through t h e  16-way s w i t c h ,  one o f  t h e  e i g h t  46-way s w i t c h e s ,  and one o f  

t h e  memory p l a n e ' s  368 X-drive l i n e s .  

S i m i l a r l y ,  c u r r e n t  is  

i These two c u r r e n t s  p r o v i d e  a c o i n c i d e n c e  i n  o n l y  one o f  t h e  u n i t ' s  100,469 

s t o r a g e  c o r e s .  

s w i t c h e s ,  and t r a n s m i t  t h i s  i n f o r m a t i o n  on  t h e  o u t p u t  d a t a  l i n e .  Next, c u r r e n t s  

a r e  a g a i n  s t e e r e d  through t h e s e  same s w i t c h e s ,  which produce c u r r e n t s  through 

t h e  same t w o  wires  i n  t h e  memory p l a n e ,  b u t  o f  t h e  o p p o s i t e  p o l a r i t y .  I f  t h e  

s e l e c t e d  c o r e  had been switched by t h e  p r e v i o u s  c u r r e n t s ,  t h e s e  two c u r r e n t s  

w i l l  now be i n  t i m e  c o i n c i d e n c e  t o  s w i t c h  t h e  s e l e c t e d  c o r e  back t o  i t s  o r i g i n a l  

one s t a t e .  I f  t h e  s e l e c t e d  c o r e  had n o t  been switched by t h e  p r e v i o u s  c u r r e n t s ,  

t h e s e  two c u r r e n t s  w i l l  now n o t  be  i n  t i m e  co inc idence  so t h e  s e l e c t e d  c o r e  w i l l  

remain i n  i t s  z e r o  s t a t e ,  

The s e n s e  a m p l i f i e r s  s e n s e  whether  or  n o t  t h i s  s e l e c t e d  c o r e  

W r i t i n g  d a t a  i n t o  t h e  u n i t  i s  similar  t o  r e a d i n g  excep t  t h a t :  

1) A d i f f e r e n t  s e t  o f  s t e e r i n g  s w i t c h e s  i s  used 

2 )  Data r e a d  from t h e  memory p l a n e  does  n o t  produce a n  o u t p u t  on t h e  o u t p u t  

d a t a  l i n e  

The d a t a  loaded back i n t o  t h e  memory p lane  ( a , o n e  o r  a z e r o  i n t o  t h e  

s e l e c t e d  c o r e )  depend on t h e  i n p u t  d a t a  i n s t e a d  o f  t h e  d a t a  r e a d  from 

t h a t  c o r e ,  

3 )  
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Clock 

~ 

Write Circuits 

Data Input ddg 
Timing & Control 

L 

X Load 

t 
Output t--- 

1- 

100469 - B i t  

(368 x 273) 

Memory Plane 

Fig.  3.3-20 Stat ic  Storage Unit 
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\ 
! J  The synchronizing c i r c u i t  i s  used t o  synchronize read and w r i t e  commands with 

an i n t e r n a l  clock.  This is  done t o  provide t i m e  separa t ion  between these  two s i g-  

n a l s  before they are transmit ted t o  the  timing and c o n t r o l  center .  There i s  no 

provision f o r  separa t ion  of these  s igna l s  elsewhere i n  the  sc ience  da ta  subsystem, 

and because the  memory cannot read and w r i t e  simultaneously, t h i s  separa t ion  must 

be provided i n t e r n a l l y  i n  the  s torage  u n i t .  

D i g i t a l  Mult iplexers C and D - D i g i t a l  mul t ip lexers  C and D redundantly se- 

quence data  from s ta t ic  s torage  or t e l ev i s ion  t o  the  two UHF RF t r ansmi t t e r s .  Tele- 

v i s ion  image data  from the  en t ry  TV u n i t  are sequenced during the  en t ry  period from 

3000 f t / s e c  ve loc i ty  t o  ae roshe l l  s taging;  terminal descent and landing TV image 

da ta  a r e  sequenced from ae roshe l l  separa t ion  t o  Capsule Bus landing. The sequencing 

i n t e r v a l  between TV image data  and s ta t ic  s torage  data  i s  8.4 sec of TV image data  

and 2.0 sec of s tat ic s torage  data .  The output  s i g n a l  of the  science data  sub- 

system u n i t  i s  a spl i t- phase  pulse-code modulated s i g n a l  t h a t  i s  presented as the  

modulating s igna l  t o  the  UHF t r ansmi t t e r .  A spl i t- phase  coder i s  used i n  the  out-  

put c i r c u i t r y  of the  science data  subsystem. The coder combines the NRZ s igna l  

from the  output mult iplexers and the  50-kbs clock pulses from the  science data  

subsystem programer and provides a sp l i t - phase  coded output  s igna l .  

i s  i n  phase with the  c lock i f  the  da ta  are t r u e  (1) and 180 deg out  of phase with 

the  clock pulse i f  the da ta  are f a l s e  (0). A transformer provides ground i s o l a -  

t i o n  and a s i g n a l  t h a t  i s  pos i t ive  and negative wi th  r e spec t  t o  common. 

The s igna l  1 

S i m a l  Conditioning Units - The en t ry  science subsystem conta ins  two s i g n a l  

condi t ioners ,  one on the  ae roshe l l  and the  o ther  i n  the Capsule Bus equipment 

module. Both u n i t s  comprise e l ec t ron ics  t o  condit ion c e r t a i n  of the  science and 

engineering sensors t o  provide s u i t a b l e  output  voltages and impedances t o  the  

science data  subsystem data  channels and the  Capsule BUS telemetry encoder backup 

channels.  F a u l t  protec t ion  f o r  the  data channels i s  provided i n  the  science data  

sys tern and encoders. 

I W A R I J N  M A R J E W A  CORPORA7VON 
C J F N V E R  D I V I S I O N  



3.3-52 FR-22-103 Vol IV S e c t  I 

Vol tage  a t  28 '- i s  f u r n i s h e d  on two redundan t  l i n e s  to  the  s i g n a l  cond i -  

t i o n e r s  and i s  t h e n  i n t e r n a l l y  d i s t r i b u t e d  t o  t h e  i n d i v i d u a l  i n s t r u m e n t - c o n d i -  

t i o n i n g  c i r c u i t  modules .  

- 5  

The s i g n a l  c o n d i t i o n e r  packaging employs t h e  modular c o n c e p t .  The s p e c i a l -  

i z e d  c i r c u i t r y  f o r  t h e  s c i e n c e  i n s t r u m e n t s  i s  i n  s i n g l e  s e p a r a t e  modules f o r  each  

i n s t r u m e n t .  E n g i n e e r i n g  measurement- condi t ioning c i r c u i t s  a r e  s t a n d a r d i z e d  and 

a s i n g l e  module c a n  a c c e p t  a group of i n p u t s  from similar s o u r c e s .  

The ae roshe l l- mounted  s i g n a l  c o n d i t i o n e r  c o n t a i n s  the c i r c u i t r y  as shown i n  

F i g .  3.3-3 f o r  t h e  v i b r a t i n g- d i a p h r a g m  s t a g n a t i o n  p r e s s u r e  s e n s o r  and as  shown 

i n  F i g .  3.3-9 f o r  t h e  a e r o s h e l l  t o t a l  t e m p e r a t u r e  s e n s o r .  The Capsule  Bus l o -  

c a t e d  s i g n a l  c o n d i t i o n e r  c o n t a i n s  t h e  c i r c u i t r y  f o r  t o t a l  t e m p e r a t u r e ,  humid i ty ,  

and a c c e l e r a t i o n  s e n s o r s  as shown i n  F i g .  3.3-9 th rough  3.3-11, r e s p e c t i v e l y .  

3 .3 .2 .3  Sequence o f  O p e r a t i o n  F u n c t i o n s  

Tab le  3.3-7 i s  a t a b u l a t i o n  of  t h e  sequence o f  e v e n t s  o c c u r r i n g  w i t h i n  t h e  

e n t r y  s c i e n c e  subsystem.  The sequences  a r e  c o n t r o l l e d  by t h e  s c i e n c e  d a t a  sub-  

system sequencer- t imer  (SDS-ST) u n i t  and i n i t i a t e d  by major  e v e n t  commands from 

t h e  Capsule  B u s  s e q u e n c e r- t i m e r  decoder  (C/B-STD) a s  28 vdc ,  100 m s  d i s c r e t e s .  

These i n c l u d e  power tu rn- on ,  3000 f t / s e c  i n e r t i a l  v e l o c i t y ,  a e r o s h e l l  s e p a r a t i o n ,  

4 5 0 0- f t  a l t i t u d e ,  v e r n i e r  shutdown, and power shutdown s i g n a l s .  
b 

Based on r e c e i v i n g  the above commands, t h e  SDS sequencer- t imer  u n i t  sequences  

and times t h e  f u n c t i o n s  and e v e n t s  l i s t e d  i n  T a b l e  3 .3- 7.  Backup s i g n a l s  ( l i s t e d  

a s  secondary)  t o  c r i t i c a l  SDS s e q u e n c e r- t i m e r- i s s u e d  s i g n a l s  a r e  a l s o  i n i t i a t e d  

by t h e  C/B-STD. 

Even t s  i n i t i a t e d  by t h e  SDS sequencer- t imer  u n i t  a r e  t imer  o r i g i n a t e d  and 

r e f e r e n c e d  t o  t h e  major  Capsule  Bus i n i t i a t e d  s i g n a l s .  SDS sequencer- t imer  

e v e n t  t imes a r e  f i x e d ;  however, t he  C/B-STD i n i t i a t e d  s i g n a l s  c a n  be  updated i n  

t h e  C/B-STD. 
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I n i t i a t e d  byt 

A I n i t i a t e  SDS Turn on h Timer Count 

1 I n l t l a t e  Instrument Warm-up 

2 

3 I n i t i a t e  Entry Mass Spectrometer Sequence (repeat every 

4 I n i t i a t e  Calibration Signal to Pressure, Temperature, 

5 I n i t i a t e  Calibration Complete Signal to Pressure, 

6. I n i t i a t e  Standby Signal to Television Units 

I n i t i a t e  NRT Format A Data Collection h Storage 

16 see u n t i l  3000 fps i n e r t i a l  ve loci ty)  

h Acceleration Sensors 

Temperature 6 Accelerator Sensors 

8.  I n i t i a t e  Backup Signal f o r  2, 5 h 6 

C. I n i t i a t e  Relay Transmission Sequence 

7. I n i t i a t e  Arm Signal to Mass Spectrometer - TDL 

8.  l n l t l a t e  Arm Signal for Entry TV Camera &Temperature 

9. I n i t i a t e  Turn-on Signal to UHF Transmitters 

Probe Cover J e t t i s o n  

10. I n l t i a t e  NRT Format B Data Collection h Storage 

11. I n i t i a t e  Fi re  signal for  Entry Tv Camera 61 Temperature 
Probe Cover J e t t i s o n  

D I n i t i a t e  Backup Signal for  11 

12 I n i t i a t e  Calrbration Signal to Entry TV Camera 

13. I n i t i a t e  Frame S t a r t  Signal to Entry TV Camera 

14 

15 I n i t i a t e  Safe Signal for  Entry TV Camera &Temperature 

16 

I n l t i a t e  Readout and Transmittal of SDS Storage Unit Data 
(2-sec duratkan) 

Probe Cover Jetelson 
I n i t i a t e  Readout h Transmittal of Entry TV Camera Video Data 
(8 4-sec duration) 

E .  I n i t i a t e  TDL Sequence 

17. 

18. I n i t m t e  Fire Signal for TDL Mass Spectrometer Activation & 

19. I n i t i a t e  Frame S t a r t  Signal t o  TDL TV Camera 

20. I n i t i a t e  Readout h Transmittal of SDS Storage Unit Data 

21. 

22. I n i t i a t e  Readout h Transmittal of TDL TV Camera Video Data 

I n i t i a t e  NRT Format C Data Collection h Storage 

Calibration 

I n i t i a t e  Safe Signal for  TDL Mass Spectromter Aetivatmn 

(8.4-sec duration) 

F. I n i t i a t e  Readout h Transmittal Sequence Override 

23. I n l t l a t e  Frame S t a r t  Signal t o  TDL TV Camera 

24. 

25. I n i t i a t e  Readout h Transmittal of TDL TV Camera Video Data 

I n i t i a t e  Readout 61 Transmittal of SDS Storage U n i t  Data 
(2.0-sec duration) 

(8 4-sec duration) 

G. I n i t i a t e  Post-landing Sequence 

26. I n i r i a t e  Calibration Signal to Pressure, Temperature, 

27 I n i t i a t e  Calibration Signal t o  TDL 211 Camera 

28 I n i t i a t e  Frame S t a r t  Signal to TDL TV Camera 

29 

Acceleration h Humidity Sensors 

I n i t i a t e  Readout h Transmittal of SDS Storage Unit Data 
(2-see duration) 

H. I n i t i a t e  Backup Signal for 29 

30. I n i t i a t e  Readout h Transmittal of TDL Tv Camera Video Data 
* I n i t i a t e  Entry Science Package Shutdom 

(* Signal 1s not received by ESP SDS-ST - the signal removes 

tDiscrete s ignals  having l e t t e r  designations are issued as p r i -  
mary from the CIH. 
secondary backup f o r  the SDS-ST as indicated. 

ESP power a t  C I B  load control assembly.) 

I n  some cases, these s ignals  a lso  provide 

Primary 

CIB-STD 

SDS-ST 

SDS-ST 

SDS-ST 

SDS-ST 

SDS-ST 

SDS-ST 

CIB-STD 

CIB-STD 

SDS-ST 

SDS-ST 

SDS-ST 
SDS-ST 

SDS-ST 

CIB-STD 

SDS-STC 

SD-STD 

SDS-STD 

SDS-STD 

SDS-STD 

CIB-STD 

SDS-ST 

SDS-ST 

SDS-ST 

SDS-ST 

SDS-ST 

SDS-ST 

CIE-STD 

SDS -ST 

SDS-ST 

SDS-ST 

CIB-STD 

SDS-ST 
SDS-ST 

SDS-ST 

SDS-ST 

CIE-STD 

SDS -ST 
CIB-STD 

r a t i o n  Functions 

Time 
From 
Entry 

T - 1800 

T - 1799 

T - 0  

(see) 

T - 0  

T + 16 

T + 32 

T + 100 

T + too 
T + 338 

T + 338 

T + 338 

T + 339 

T + 339 

T + 339 

T + 339 

T + 339 

T + 339 

T + 339 

T + 340 

T + 341 

T + 418 

T + 418 

T + 418 

T + 418 

T + 418 

T + 419 

T + 420 

T + 470 

T + 470 

T + 470 

T + 472 

T + 502 

T + 564 

T + 564 

T + 564 

T + 564 

T + 564 

T + 566 

T + 624 

Nominal 
A 1  t i tude  

( f t )  

800,000 

55,000 

15,000 

4,500 

10 

0 

Fl ight  
Capsule 
Event 

Entry 

3000 fps  
I n i t i a l  
Velocity 

Aeroshell 
Staging 

Before 
Vernier 
Engine Start 

Vernier 
Shutdawn 

ESP Shutdow 

Remarks 

PIC Tim = 2:20:32 

PIC Time - 2:50:32 

PIC - 2:56:10 

Events 13, 14, and 16 repeat 
i n  sequence u n t i l  aeroshell 
staging 

FIC 1 2:57:30 

Events 19, 20, and 22 repeat 
in sequence u n t i l  4500 f t  

FIC = 2:58:22 

PIC = 2:58:54 

Events 26, 27, 28, 29 and 3( 
repeat in sequence 

F/C = 3:00:56 
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3.3.2.4 Subsystem Performance 

The i m p o r t a n t  d e s i g n  p a r a m e t e r s  for  the s c i e n c e  d a t a  subsystem and components 

a re  summarized i n  T a b l e  3.3-8 (on t h e  f o l l o w i n g  page) .  

volume, s i z e ,  weight, and power r e q u i r e m e n t s  a r e  r e f l e c t e d  a g a i n s t  the performance 

pa ramete r  o f  d a t a  r e t u r n .  The d a t a  samples  t a k e n  d u r i n g  the three p e r i o d s  from 

e n t r y  t o  l a n d i n g  a re  based  on the nominal  e n t r y  p e r i o d  o f  t h e  r e f e r e n c e  atmos-  

p h e r e  (VM-2, y = 13.6", V 
ments w i th  r e s p e c t  t o  coverage ,  r e s o l u t i o n ,  and number of s u r f a c e  images was 

g i v e n  i n  F i g .  3.3-13. A d d i t i o n a l  performance p a r a m e t e r s  o f  t h i s  equipment a re  

i n  T a b l e  3.3-9. 

The d e s i g n  p a r a m e t e r s  o f  

= 4.3 km/sec). Performance o f  t h e  t e l e v i s i o n  i n s t r u -  
e 

Tab le  3.3-9 T e l e v i s i o n  Equipment Performance Paramete r s  

1. Minimum d e t e c t a b l e  b r i g h t n e s s  = 10 f t - l a m b e r t s  

2 .  D i s t i n g u i s h a b l e  l eve l s  = 12  g r e y  s h a d e s  ( n  s t e p s )  

3. S i x - b i t  d i g i t a t i o n  o f  l i n e a r l y  a m p l i f i e d  v i d i c o n  o u t p u t  

4. S i g n a l- n o i s e  r a t i o  ( a t  i n p u t  t o  AD c o n v e r t e r s )  = 47 db f o r  
h i g h 1  i g h t  
s i g n a l  

= 12  db f o r  
1 ow 1 i gh t 
s i g n a  1 

5. 200 t e l e v i s i o n  l i n e s  a t  l i m i t i n g  r e s o l u t i o n  

280 s c a n  l i n e s  

240 d i g i t a l  samples/line 

6 b i t s  p e r  d i g i t a l  sample 

403,200 b i t s  p e r  p i c t u r e  

Paramete r s  o f  performance f o r  s c i e n c e  i n s t r u m e n t s  other t h a n  t e l e v i s i o n  a r e  

g i v e n  i n  F i g .  3.3-2 th rough  3.3-11. 
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3 . 3 . 2 . 5  T r a n s f e r  F u n c t i o n s  

The b a s i c  r e l a t i o n s h i p s  between t r a n s d u c e r  o u t p u t  v e r s u s  i n p u t  a r e  shown i n  

T a b l e  3.3-10 f o r  a t m o s p h e r i c  i n s t r u m e n t s  of  t h e  E n t r y  Sc ience  Package.  I n  t h i s  

t a b l e ,  approx imate  t r a n s d u c e r  r a n g e s ,  s c a l e  f a c t o r s ,  a c c u r a c i e s ,  and r e s p o n s e  

times a r e  shown f o r  t h e  v a r i o u s  i n s t r u m e n t s  used t o  measure a t m o s p h e r i c  s t r u c t u r e  

and compos i t ion .  These i n s t r u m e n t s  have a 5-v o u t p u t  f o r  t h e  f u l l  r ange ,  and 

t h e  s c a l e  f a c t o r  r e p r e s e n t s  t h e  v a r i a t i o n  o f  t h e  t r a n s d u c e r  s t i m u l u s  p e r  v o l t  o f  

o u t p u t  v a r i a t i o n .  The a c c u r a c y  column shows t o  what e x t e n t  t h e  t r a n s d u c e r  func-  

t i o n  i s  d i s t u r b e d  by u n d e s i r a b l e  e f f e c t s  such a s  v a r i a t i o n s  of  s u p p l y  v o l t a g e ,  

t e m p e r a t u r e ,  a c c e l e r a t i o n  and o t h e r s .  

The r e s p o n s e  t i m e  i s  t h e  t i m e  i n t e r v a l  between a s t e p  i n p u t  s i g n a l  and t h e  

r ise of t h e  i n s t r u m e n t  o u t p u t  t o  63% o f  i t s  f i n a l  value.  An a p p r o x i m a t e l y  ex- 

p o n e n t i a l  r i s e  o f  t h e  o u t p u t  s i g n a l  i s  assumed. 

F i g u r e  3.3'21 i s  a t y p i c a l  p l o t  of  t h e  t r a n s f e r  f u n c t i o n  f o r  t h e  TV cameras .  

The c u r v e  l a b e l e d  a n a l o g  v i d e o  p o r t r a y s  t h e  p e r c e n t  o f  loss  o f  image c o n t r a s t  

v e r s u s  t h e  * s p a t i a l  f r e q u e n c y  o f  t h e . m o d u l a t i n g  l i g h t  s i g n a l  r e f e r r e d  t o  t h e  f o c a l  

p l a n e .  The l o s s  i n  scene  r e s o l u t i o n  i n c u r r e d  i n  t r a n s f e r r i n g  the l i g h t  s i g n a l  

th rough  t h e  camera i s  t h e  r e s u l t a n t  summation o f  l e n s ,  pho toconduc to r ,  beam s p o t  ,9 
s i z e ,  and t r u n c a t i o n  f i l t e r  l i m i t a t i o n s .  These  l o s s e s  i n c r e a s e  as  modula t ing  

s i g n a l  s p a t i a l  f r e q u e n c y  i n c r e a s e s .  L i m i t i n g  r e s o l u t i o n  i s  e s t a b l i s h e d  a t  8 . 9  

c y c l e s  p e r  m i l l i m e t e r  by t h e  2 0 0- l i n e  by 2 0 0- p i c t u r e  e lement  r a s t e r .  T h i s  i s  

a d e q u a t e l y  r e a l i z e d  w i t h  t h e  280- scan l i n e  s e p a r a t i o n  and 240 A / D  sampl ing ra te  

a s  shown, 

3 . 3 . 2 . 6  Weight,  Volume, and Power 

Tab le  3 .3- 11 l i s t s  t h e  p r imary  components of t h e  e n t r y  s c i e n c e  subsystem and 

g i v e s  t h e i r  a s s o c i a t e d  w e i g h t s ,  d imens ions ,  volumes,  and power consumpt ions .  

Dimension v a l u e s  o f  some i t e m s  a r e  g r o s s  and do n o t  f u l l y  i n d i c a t e  t h e  complex 

shapes  o f  t h o s e  i t e m s .  Components l i s t e d  a s  t r a n s d u c e r s  a r e  complete  i n s t r u m e n t s  

w i t h  a l l  n e c e s s a r y  e l e c t r o n i c s  t o  c o n d i t i o n  t h e i r  o u t p u t s  t o  t h e  type  and value 

r e q u i r e d  f o r  m u l t i p l e x i n g .  Those l i s t e d  as  s e n s o r s ,  however, a r e  s e n s i n g  e lements  

o n l y  w i t h  a b a r e  minimum o f  e l e c t r o n i c s .  Weight and volume o f  e l e c t r o n i c s  f o r  

t h e s e  i t e m s  i s  i n  one o r  t h e  o t h e r  t h e  s i g n a l  c o n d i t i o n i n g  u n i t s .  
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Scale Factor Accuracy 

Parallel to roll axis k0.03 g 
Range a, 5 gtv 
Range b, 0.2 g/V 

Normal to roll axis 
1.2 g/v 

+0.0015 g 

kO.006 g 

1 .W 7-v +1% of 
reading 
over wide 
portion 
of range 

UY-------,------.------ 

10 mb/v About +0.5% 
of full 
range 

3.3- 57 

Response Tim 

<0.001 sec 

< 0.001 sec 

:0.025 sec. 

0.025 sec 

Table 3.3-10 Transfer Functions, Instruments 

Instrument Function 

Acceleration 

Transducer 

Accelerometer 
Bell Aerosystems 
Model VIIB 
0 to 25 g 

Model V I 1  B i3.9 

Atmospheric Tem- 
Perdture, Entry 
at M<5 

Total Pressure, 
Terminal Descent 

Atmospheric 
Temperature, 
Terminal Descent 

Atmospheric Composi- 
tion, Terminal 
Descent 

Stretched diaphragm 
Pressure Transducer, 
REC, Model 830AG 
Range: 0 to 50 mb 

Total temperature 
probe similar to 
REC Model 103H 
Range: 100 to 1300' 

Stretched-diaphragm 
pressure transducer 
REC Model 830 BG 
Range: 0 to 30 mb 

Total temperature 
probe, new develop- 
ment, similar to 
REC Model 103H 
Range: 100 to 350'K 

Quadrupole mass 
spectrometer NASA 
Goddsrd/Perkin 
Elmer Corp . 
Or : 

---------- 

6 mblv 

50"K/v 

U of Michigan 
Open ion source 
quadrupole mass 
spectrometer 

About +0.5% About 1 
of full sec 
range 

About +0.3% <0.025 sec 
of full 
range 

+1% of About 1 
full scale 

In kP=-7.22+2 . O h  
-- 9 is partial 
pressure in mb; 
k=l (composition 

+lo% of par- 
tial pressure 

factor) 
_----------.------I- 

sec 

<0.2 sec 
depends 
on sample 
transport 
1% - - --- 

240°K/v 

I Atmospheric 
Composition, 
Entry 

About 32°C dew 
point /v 

In kP=-7.22+2.04~ 
-- P is partial 
pressure i n  mb; 
k-1 (composition 
factor) 

In kP=-7.22+2.04~ -- P is partial 
pressure in mb; 
e l  (composition 
factor) 

f5"C dew On the 
point order of 

seconds 

Atmospheric 
Humidity, Terminal 
Descent 

+lo% of par- 
tial pressur 

+lo% of par- 
tial pressure 
reading 

Aluminum oxide 
hygrometer 
Parametrics, Inc. 

Remarks 

Automatic range Ewitching 
at 1 g 

Sensitive normal to 
roll axis 

Accurate pressure reading 
requires knowledge of 
composition influence on 
transducer calibration ----------- 
Transducer is not in- 
fluenced by atmospheric 
composition 

Aerodynamic calibration 
factors have to be con- 
sidered for computation 
of ambient pressure 

Various factors influence 
accuracy of ambient 
temperature computation 

Scans about 10 to 60 AMU 
Resolution M/ AM =50 at 
30 AMU Log. amplifier & 
7-bit digitizer assumed 

Scans about 10 to 80 AMU 
Resolution MIAM =150 at 
100 AMU Log. amplifier & 
7-bit digitizer assumed 

Scans 4 to 54 AMU 
Resolution M/AM =SO at 
30 AMU Log. amplifier & 
7-bit digitizer 

Further investigation of 
sensor needed 
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Cycles per Millimeter 

Fig. 3.3-21 Television Transfer Functions 
(Entry and TD& Cameras) 

1 
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Figure 3.3-22 desc r ibes  the  power p r o f i l e  of t he  e n t r y  sc i ence  subsystem from 

power turn-on a t  e n t r y  minus 1800 s e c ,  through the  e n t r y  and te rmina l  descent  and 

landing phase of f l i g h t .  

power. 

3.3.2.7 Input-Output I n t e r a c t i o n  Elements 

The e n t r y  sc ience  subsystem ope ra t e s  from 28 +4 vdc -5 

Table 3.3-12 l i s t s  t h e  input- output  i n t e r a c t i o n  elements of the e n t r y  sc ience  

subsystem and f o r  each g ives  t he  s p e c i f i c  information needed t o  i n i t i a t e  hardware 

des ign .  Basis f o r  the  information presented was the  Phase B pre l iminary  des ign  

work €or t h e  sc ience  subsystem. Volumes are  gross  and inc lude  cases  o r  housing 

f o r  c e r t a i n  independent elements as do the weights .  Transducers inc lude  both  the  

sensor  and necessary e l e c t r o n i c s  f o r  providing the  0-  t o  5-v analog ou tpu t s  demand- 

ed by the sc ience  d a t a  subsystem c o n t r o l  u n i t ,  sensors  inc lude  only the  sens ing  

element and probe. The sensor  e l e c t r o n i c s  a r e  i n  one o r  t he  o t h e r  of the  s i g n a l  

condi t ioner  u n i t s  t o  provide b e t t e r  temperature c o n t r o l .  

Temperatures vary widely because of t he  s p e c i f i c  l o c a t i o n  o r  purpose of t h e  

p a r t i c u l a r  element.  TV camera temperatures a r e  t he  most r e s t r i c t i v e  because of 

dark c u r r e n t  cons ide ra t ions .  The a e r o s h e l l  t o t a l  temperature sensor ,  on the  o the r  

hand, must t o l e r a t e  the  wides t  extremes because i t  must be exposed d i r e c t l y  t o  

s t a g n a t i o n  temperatures on the  a e r o s h e l l  a t  v e l o c i t i e s  nea r  M5. 

Major input- output  i n t e r a c t i o n  elements l i s t e d  i n  the  t a b l e  a r e  keyed t o  t he  

sc ience  subsystem func t iona l  block diagram of F ig .  3.3-1. Fur ther  d e t a i l e d  break-  

down t o  elements of the  sc ience  d a t a  subsystem and t e l e v i s i o n  u n i t s  are shown i n  

F ig .  3.3-14 and 3.3-15, r e s p e c t i v e l y .  Instrument  d e t a i l s  a r e  shown i n  Fig. 3.3-2 

through 3.3-11. 

3.3.2.8 R e l i a b i l i t y  

R e l i a b i l i t y  of the  sc ience  d a t a  system has been achieved p r imar i ly  by des ign  

s i m p l i c i t y  using f l igh t- demonst ra ted  des ign  p r a c t i c e s  and by a p p l i c a t i o n  of selec- 

t i v e  redundancy. 

of f a i l u r e  and t h e i r  e f f e c t s  on success  i n  r e t u r n i n g  sc i ence  d a t a  t o  Earth.  The 

c r i t e r i a  f o r  s e l e c t i n g  redundancy was based on a choice of r e l a t i v e  worth of e n t r y  

sc ience  d a t a  given i n  Table 3.3-13. Number assignments i n  the  t a b l e  a r e  based on 

an  i n t e r p r e t a t i o n  of the  i n t e n t  of the  e n t r y  experiments f o r  t h e  1973 mission.  

The t a b l e  serves  mainly t o  show t h a t  accelerometer  and t e l e v i s i o n  d a t a  were con- 

s idered  of primary importance i n  terms of miss ion  o b j e c t i v e s .  

Redundancy requirements were i d e n t i f i e d  from an a n a l y s i s  of modes 
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Table 3.3-13 Rela t ive  Worth of Entry Science Data f o r  t he  1973 Mission 

3 .3- 65  

1 Experiment 

I Televis ion  

Worth I 
I n  tr i n s  i c  
Worth of 
Data 

Re l a t  i v e  
Worth i n  
1973 

10 

50 

Atmo sphe r i c  
Acce lera t ion  Pressure  

Atmospheric 
Temperature 

6 

6 

Atmos . 
Compo s i t io.  

8 

16 

The f a i l u r e  mode a n a l y s i s  d i sc losed  th ree  c r i t i c a l  opera t ions  f o r  which sepa ra t e  

and independent paths  should be provided - -  r e t u r n  of t e l e v i s i o n  d a t a ,  r e t u r n  of 

accelerometer  d a t a ,  and c o n t r o l  of the  sc ience  subsystem. t 

Televis ion  Data - P a r a l l e l  redundant t r a n s m i t t e r s  a r e  provided i n  t h e  commu- 

n i c a t i o n  subsystem. This redundancy i s  continued i n  t h e  sc ience  da ta  subsystem 

through the  camera e l e c t r o n i c s .  Figure 3.3.-15 shows t h e  p a r a l l e l  d a t a  paths  pro- 

vided.  

Sequencer Timer and Format Programer - A f a i l u r e  of e i t h e r  of t hese  sc ience  

d a t a  subsystem u n i t s  would r e s u l t  i n  t o t a l  loss of e n t r y  sc ience  da t a .  Ordinary 

block redundancy was considered he re  but  was discarded because of t h e  complexity 

of a f a i l u r e  d e t e c t i n g  and switching c i r c u i t  t h a t  would be requi red .  A t r i p l e -  

redundant, redundant v o t e r  approach w a s  s e l e c t e d  f o r  t h e s e  two func t ions .  

T r i p l e  redundancy involves the use of th ree  i d e n t i c a l  devices  connected t o  

r ece ive  i d e n t i c a l  i npu t  s i g n a l s .  The outputs  a r e  then compared by a vo t ing  e l e -  

ment t h a t  provides a f i n a l  ou tput  depending on the  s t a t e  of the  ma jo r i t y  of the  

elements being voted.  

A d i scuss ion  of t r i p l e- redundan t ,  redundant v o t e r  concepts i s  presented i n  

Martin Mar i e t t a  Technical  Report - P-67-12, " Sol id- Sta te  Sequencer System Study", 

February 1967. 

Nontelevis ion Science Analog Data - Funct ional  redundancy f o r  r e t u r n  of acce l-  

erometer d a t a  i s  provided through t h e  use of t he  Capsule Bus d i r e c t  r e l a y  l i n k s .  

A l l  non te l ev i s ion  analog d a t a  from the  sc ience  subsystem (9 measurements) are fed 

across  the  Entry Science Package/Capsule Bus i n t e r f a c e  t o  t he  Capsule Bus telem- 

e t r y  subsystem encoders and re layed  i n  r e a l  time t o  t h e  Spacecraf t .  Capsule Bus 

te lemetry uses 7 - b i t  encoding and a los s  o f  accuracy occurs  f o r  d a t a  recovered 
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through the  a l t e r n a t i v e  pa th  because 1 0- b i t  encoding accuracy i s  provided i n  t he  

primary d a t a  pa th  f o r  these  ins t ruments  through the  sc ience  d a t a  subsystem. 

3.3.2.9 S t e r i l i z a t i o n  

Recognition of the  importance of s t e r i l i z a t i o n  i s  a major f a c t o r  i n  the  des ign  

of the  sc ience  d a t a  subsystem. The requirement t o  meet a s t e r i l i z a t i o n  t e s t  

environment has been a major cons ide ra t ion  i n  a l l  des ign  ana lyses  and t r a d e  s tudy 

e f f o r t s .  It i s  be l ieved  t h a t  a l l  parts inc luding  the  s t a t i c  s to rage  memory device  

are capable of being q u a l i f i e d  t o  t h e  hea t  s t e r i l i z a t i o n  and e thylene  oxide de-  

contaminant requirements .  Any new piece  p a r t s  t h a t  may be requi red  i n  the sc i ence  

d a t a  subsystem w i l l  be q u a l i f i e d  t o  the  s t e r i l i z a t i o n  requirements .  

For t he  most p a r t ,  the  process  of s e l e c t i n g  a p re fe r r ed  approach f o r  t he  e n t r y  

sc ience  subsystem was descr ibed  i n  paragraph 2.3 above. Discussed the re  was t h e  

b a s i s  f o r  s e l e c t i o n  of instruments ,  choice of t h e i r  l oca t ion ,  and period of use 

dur ing  the  en t ry  and te rmina l  descent  phases.  Remaining t o  be s e l e c t e d  a f t e r  t h i s  

were mainly the  s p e c i f i c  instruments  o r  instrument  types and the  approach t o  des ign  

of t he  sc ience  d a t a  subsystem. The t r a d e  s t u d i e s  conducted f o r  t h i s  purpose a r e  

d iscussed  i n  paragraph 3.3.4 of t h i s  subsec t ion .  

There was, however, one o the r  cons ide ra t ion  i n  the  s e l e c t i o n  of a prefer red  

approach t h a t  was unresolved by the  assignment of genera l  measurements and the  

s e l e c t i o n  of  s p e c i f i c  elements f o r  des ign .  This  was concerned wi th  the  ques t ion  

of number and arrangement of t he  t e l e v i s i o n  ins t ruments .  The s t a r t i n g  po in t  f o r  

dev i s ing  a l t e r n a t i v e  concepts  was the  d e s i r e  t o  be ab le  t o  take  p i c t u r e s  through 

the  a e r o s h e l l  i n  case  i t  f a i l e d  t o  s t a g e ,  toge ther  wi th  the  need i n  normal obser-  

va t ion  t o  o b t a i n  the  te rmina l  r e s o l u t i o n  of 1 meter from an instrument  mounted on 

the landing veh ic l e .  

The fol lowing i s  a d i scuss ion  of  the  a l t e r n a t i v e  concepts t h a t  were evaluated 

t o  a r r i v e  a t  the  p re fe r r ed  number and arrangement of t e l e v i s i o n  instruments  f o r  

the  e n t r y  sc ience  payload. These are a l l  shown schemat ica l ly  i n  Figure 3.3-23. 

Concept 1 - This  concept is  one i n  which dual  1- in .  v id icons  share  t he  same 

o p t i c a l  r e l a y  tube  by t h e  ase  of a two-posi t ion mir ror .  I n  opera t ion ,  t h e  narrow 

angle camera i s  exposed f i r s t ,  then the  mi r ro r  i s  immediately removed from t h e  

o p t i c a l  path and the  wide-angle camera is  exposed. It i s  advantageous i n  t h a t  

imaging i s  conducted before  and a f t e r  a e r o s h e l l  s t a g i n g  even i n  case  of f a i l u r e  
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of the  a e r o s h e l l  t o  s epa ra t e .  This  system was r e j e c t e d  because of t he  need f o r  a 

l a r g e ,  heavy o p t i c a l  tube and l o c a t i o n  of t h e  cameras where i n t e r f e r e n c e  w i t h  

Surface Laboratory a c t i v i t i e s  could occur .  

Concept 2 - Concept 2 employs two cameras, with t h e  narrow-angle camera ex- 
posed only  a f t e r  a e r o s h e l l  s epa ra t ion .  

r e l a y  tube;  t h e  f i e l d  of view i s  not  r e s t r i c t e d  by t h e  mi r ro r  geometry as i n  Con- 

cept  1, but  more by the  o p t i c a l  tube.  

c a l  r e l a y .  In  ope ra t ion ,  t h e  wide-angle instrument  i s  exposed s imultaneously.  

This concept was r e j e c t e d  because of t he  need f o r  a l a rge ,  heavy o p t i c a l  tube  and 

l o c a t i o n  of t h e  wide-angle camera where i n t e r f e r e n c e  with Surface Laboratory ac- 

t i v i t i e s  could occur.  

The wide-angle camera employs an o p t i c a l  

The narrow-angle camera r equ i r e s  no o p t i -  

Concept 3 - Concept 3 employs two instruments .  A wide-angle camera i s  mounted 

on an extended s t r u c t u r e  c l o s e  t o  t he  window i n  t h e  a e r o s h e l l ,  e l imina t ing  t h e  

need f o r  an o p t i c a l  r e l a y  tube .  

a e r o s h e l l  s epa ra t ion .  A t  a e r o s h e l l  s epa ra t ion ,  t h e  wide-angle camera s t a y s  a t -  

tached t o  t h e  Capsule Bus ,  cont inuing  t o  o p e r a t e  s imultaneously w i t h  the narrow- 

angle camera. This  concept was r e j e c t e d  because of i n t e r f e r e n c e  by the  wide-an- 

The narrow-angle u n i t  t akes  p i c t u r e s  only  a f t e r  

g l e  camera and i t s  support s t r u c t u r e  with Surface  Laboratory a c t i v i t i e s  a f t e r  

landing .  
Concept 4 - Concept 4 employs wide- and narrow-angle cameras f o r  simultaneous, 

nes t ed  imaging before  and a f t e r  a e r o s h e l l  s epa ra t ion .  Thei r  l o c a t i o n  c l o s e  t o  

the  a e r o s h e l l  precludes the  need f o r  an o p t i c a l  tube. F l i g h t  dynamics, however, 

r e q u i r e  t h a t  the  qua r t z  window be f a i r e d  t o  t he  a e r o s h e l l  contour ,  thus making a 

complex o p t i c a l  con f igu ra t ion .  I n  a d d i t i o n ,  degrada t ion  of t he  qua r t z  window 

from a e r o s h e l l  a b l a t i v e  products  i s  q u i t e  l i k e l y .  For t hese  reasons,  t h i s  approach 

was r e j e c t e d .  

Concept 5 - Concept 5 uses a wide-angle camera a t t ached  t o  t he  a e r o s h e l l  f o r  

imaging through a qua r t z  window before  a e r o s h e l l  s epa ra t ion .  Af te r  s epa ra t ion ,  

wide-angle and narrow-angle cameras i n  t h e  equipment module acqu i r e  nes ted  images 

t o  landing.  This  system s a t i s f i e s  t h e  e n t r y  surface- imaging mission requirements,  

provides d a t a  should s t ag ing  f a i l  t o  occur ,  cannot impede Surface Laboratory 

a c t i v i t i e s ,  and employs conserva t ive  o p t i c a l  concepts .  This  concept was promis- 

ing  and was s tud ied  i n  d e t a i l  so t h a t  accu ra t e  weight f i g u r e s  could be determined. 

It has been r e j e c t e d  p r imar i ly  because the  e x t r a  performance over t h a t  obtained 

w i t h  Concept 6 was not  s u f f i c i e n t  t o  j u s t i f y  t he  weight  and complexity of c a r r y-  

ing  the  t h i r d  ins t rument .  
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Concept 6 - Concept 6 i s  t h e  same as Concept 5 except  t h e  wi'de-angle camera 

i n  t h e  equipment module i s  d e l e t e d ,  This  concept i s  s e l e c t e d .  It i s  more respon- 

s i v e  t o  t h e  mission TV instrument  c o n s t r a i n t s  and p e r m i t s  a c q u i s i t i o n  of more 

h igh- reso lu t ion  p i c t u r e s  should s t ag ing  occur  a t  lower a l t i t u d e s .  

3.3.4 Summaries of Trade S tudies  and Analyses 

1 

Trade s t u d i e s  and ana lyses  conducted t o  form a b a s i s  f o r  s e l e c t i n g  a p re fe r r ed  

approach f o r  prel iminary des ign  of the  e n t r y  sc ience  subsystem a r e  c o l l e c t e d  i n  

s i x  r e p o r t s .  Four of t hese  desc r ibe  the t r a d e  s t u d i e s  c a r r i e d  out  f o r  s e l e c t i o n  

of hardware concepts f o r  sc ience  ins t ruments  and components of t he  sc ience  d a t a  

subsystem. The f i f t h  r e p o r t  desc r ibes  the  ana lyses  of su r f ace  image smear due t o  

v e h i c l e  motion dur ing  te rmina l  descent  and was conducted t o  determine the  need f o r  

s p e c i a l  s t a b i l i z e d  mounting f o r  the t e l e v i s i o n  ins t rument .  The s i x t h  r e p o r t  g ives  

t he  q u a n t i t a t i v e  e s t ima te s  on which the  s e l e c t i o n  of the h i g h- a l t i t u d e  mass- 

spectrometer  experiment was based. The fol lowing i s  a summary of the  r e s u l t s  given 

i n  each r e p o r t .  

Se l ec t ion  of a Conceptual Design f o r  Ent ry  TV Imaging Subsystem - This work i s  

repor ted  i n  Mar t in  M a r i e t t a  Voyager Phase B Report ED-22-6-101. It was c a r r i e d  

out  by RCA-Astroelectronics Div is ion .  

and 3.3-15 g iv ing ,  r e s p e c t i v e l y ,  the  a l t e r n a t i v e  concepts considered and t h e  con- 

cep t  s e l e c t e d  f o r  ca r ry ing  out  i nd iv idua l  func t ions  o f  the  TV instrument  subsystem. 

Se l ec t ion  of Instruments  f o r  Measurement of S t r u c t u r e  of t he  Martian Atmos- 

Resul t s  a r e  summarized i n  Tables  3.3-14 

phere - This work i s  repor ted  i n  Martin Mar i e t t a  Voyager Phase 33 Report ED-22-6- 

102. Resul t s  are summarized i n  Tables 3.3-16 and 3.3-17. These show, r e spec t ive-  

l y ,  the  a l t e r n a t i v e  instrument  concepts considered and t h e  ins t ruments  s e l e c t e d  

f o r  making measurements from which t h e  s t r u c t u r e  of t h e  Mars atmosphere can be in-  

f e r r e d .  

Se l ec t ion  of Instruments  f o r  Measurement of Composition of t he  Martian Atmos- 

phere  - Voyager Phase B r e p o r t  ED-22-6-103 g ives  t h e  r e su l t s  of t h i s  t r a d e  s tudy.  

These a r e  summarized i n  Tables 3.3-18 and 3.3-19, which show t h e  a l t e r n a t i v e  i n -  

struments  considered and g ive  t h e  s e l e c t i o n s  r e s u l t i n g  from t h e  t r a d e  a n a l y s i s .  

Se l ec t ion  of Approach t o  Design of t h e  Entry Science Data Subsystem - Tables 

3.3-20 and 3.3-21 g ive  a summary of des ign  approach a l t e r n a t i v e s  considered and 

t h e  s e l e c t i o n s  made t o  de f ine  a p re fe r r ed  approach f o r  design of t h e  sc ience  d a t a  

subsystem. Mart in  Mar i e t t a  Voyager Phase B Report ED-22-6-104 con ta ins  t he  de- 

, t a i l s  of t h i s  s tudy .  
' j  
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Table 3.3-14 Alternative Concepts for Surface Imaging 

~~ 

Functional 
Requirements 

Condition Colnoends 

Condition Power 

Condition 
Engineering 
Signals 

Generate Control 
Sequences 

Orient Optical Axis 

Collect Light 

Control Lens Cover 

Control Calibrate 
Sequence 

Control Picture 
Sequence 

Provide Calibration 
Signal 

Vary Exposure 

Expose Sensor 

Store Image 

Readout Image 

Process Video Signal 

Measure Scene 
Requirements 

Control Field of 
View & Resolution 

Functional Criteria 

1. Compatibility with SDS command distribution concept 
(impedancellevelslsampling rate) 

2. Isolation of SDS-ST from internal failures 
3. Compatibility with system grounding philosophy 
4 .  Temporary storage of quantitative commands 
5. Spurims signal (EM rejection) 

1. Provide required regulation 
2. 
3. Provide required voltage levels; low voltage for 

Compatibility with system grounding philosophy 

integrated circuits, high voltage for sensor8 

1. Compatibility with SDS (impedancehevels/sampling 
rate) 

2. Isolation of internal circuits from SDS h cabling 
systems 

3. Compatibility with system grounding philosophy 

1. Provide proper sequencing of operations in entry 
imaging subsystem 

2. Make subsystem as independent as possible of SDS 
3. Isolation of SDS from imaging subsystem failures 

1. Provide scientific date in various directions 
2. Provide near and far field coverage 

1. Provide adequate light to photodetector over 
expected range of lighting conditione 

1. Protect lens & Sen801 during interplanetary 
cruise, deorbit, entry, & terminal phase 

1. Provide special sequencing of photometric 
reference lamps & circuits during calibra- 
tion 

1. Provide shutter pulses 
2.. Control sweep timing, blanking, sensor 

preparation 
3. Synchronize readout with SDS & telemetry 

1. Provide photometric reference for video data 

1. Accnmnodate changes in mean scene brightness 
through photographic mission 

1. 
2. Limit image smear 

Provide correct h variable exposure 

1. Convert light to electrostatic image 

Convert electrostatic image to electrical video 
signals 

1. Compatibility with SDS (impedancellevelslrate) 
2. Isolation of internal circuits from SDS & 

cabling subsystems 
3. Compatibility with system grounding philosophy 
4 .  Vary reference for encoder dynamic range 
5. Digitization (digital transmission approach) 

1. Provide scientific photometric data 
2. Control exposure of sensor for optimum dynamic 

range 

Provide flexibility in coverage h resolution 1. 

Alternative ConceDts 

1. Power amplification 
2. Digital buffer storage 
3. Analog (quantitative & 

4 .  Digital (quantitative & 
discrete level) 

discrete pulse) 

1. Electronic de-to-dc 

2. dc electromechanical 

3. ac 

1. Digital discrete 
2. Digital quantitative 
3. Analog, low-level 
4 .  Analog, high-level 

conversion 

(Dynamotor) 

1. Internal sequencer 
2. Science data subsystem 

(SDS) sequencer 

1. Orient television camera unit 
2. Orient reflecting mirror 
3. 
4 .  None 

1. Reflective optics 
2. Refractive optics 
3. Fiber optics 

1. Electromechanical lens cover 
2. Stow with ESP 
3. None. Protected location 

Control attitude of Capsule But 

within Capsule Bus 

1. Internal sequencer 
2. SDS sequencer 
3. None 

1. Internal sequencer 
2. SDS sequencer 

1. Standard lamp 
2. Calibration chart 
3. None 

1. Variable exposure time 
2. Variable aperture 
3. None 

1. Focal-plane shutter 
2. Between-lens shutter 
3. Electronic shutter 

1. Conventional vidicon 
2. Storage vidicon 
3. Photoemissive vidicon 
4 .  Reture-beam vidicon 
5. Dielectric tape 
6. Dielectric drum or disc 

Electron-beam raster scan 

1. Analog readout 
2. Digital readout 

1. Photocell 

1. Interchangeable lens assembly 
(turret) 

2. Variable focus lens (zoon lens 
3. Variable raster size 
4 .  Variable readout scan line 

5. Separate cameras 
density 

m: Internal processing alternatives such as beem chopping, intensity scale cam! 
approaches do not affect interface definition at the compatibility analysis 
distinguished. 

m: Internal processing alternatives such as beem chopping, intensity scale cam! 
approaches do not affect interface definition at the compatibility analysis 
distinguished. 

3sion, & various amplification 
re1 & therefore are not 

3 
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Zollection 

Lens Cover 
Control 

Calibration 
Sequence Control 

Picture Control 
Sequence 

Calibration 

3.3-71 

direct viewing 

Entry camera exposed in aeroshell, 
TDL camera in protected location 
in C/B 

Compatibility with SDS overall 
data multiplexing & control 
function 

Compatibility with SDS overall 
data multiplexing & control 
function 

Hybrid-EM lens cover 
for entry, none for TDL 

Hybrid-initiate signal 
from SDS, control internal 

Hybrid-initiation signals 
from SDS, subroutines 
internal 

Standard lamp Conservative design implementation 

Exposure 
Variation 

Variable aperture Good performance characteristics 
of resolution & sensitivity f o r  
reliability. Short exposure times 
required (less than 10 ms) 

I I 

Image Storage 

Image Readout 

Scene Brightness 
Measurement 

Field of View & 
Resolution Control 

Process Video 
Signal 

Good environmental compatibility I & reliability 
Focal plane shutter I Sensor Exposure 

Conventional vidicon Sterilizable, reliable, low 
weight & volume & best 
development status 

Required for vidicon & compatible 
with mission 

Compatible with mission 

Electron beam raster scan 

Phot oc el 1 

Separate cameras Reliability & performance within 
mission constraints 

Digital readout Compatibility with communications 
subsystems 

MARWVN MARIE-A CORPORANO 
D E N V E R  D I V I S I O N  



FR-22-103 V o l  IV Sect  I 

3.3-72 

m 
U e 
8 

: 
2 
s 

i-! 

m 

U 

5 

U 
VI 

0 .A 
i-! 

2 
0 
E U 

4 
i d  

11-1 

m 
U 

8 

B 
U 
m 
H 

a, 
U 

d 
0 u 
rl 
4 
w 
0 

.I 

2 
U 

\D rl 
I 

W 
7 

% 
a 
r 

E- 

x 

x x x 

I '  I I 
I 

MARTIN MARIE-A CORPORArION 
D E N V E R  D I V I S I O N  



FR22-103 V o l  IV Sect I 
3.3-73 

. . .  
d m m  d N d crl 

MARTIN MARIETTA CORPO RA TION 
D E N V E R  D I V I S I O N  



FR-22-103 Vol IV Sect I 

Wl 

x 

x 

x 

MARlfN MARfEITLI CORPORATfON 
D E N V E R  D I V I S I O N  



FR-22-103 Vol IV Sect I 
3.3-75 

m 

5 
E 
a, 
k 
5 

cd 
m 

3 
c 
0 
.rl 
u 
.rl 
m 
0 a 
0 u 
a, 
k 
a, 

m 
0 E 
U 
4 
k 
0 w 
m u 

E 

-z 

5 
g 
k 
U 
m e 
H 

a 
a, 
U o 
a, 
rl 
a, 
m 
w 
0 

E 
B 5 

m 

a\ 
rl 
f 
cr) 

m 
a, 
rl 
P 
cd 
H 

m 
.rl 

U 
a, 
G 
M 
cd 
E 

9 
cd 
a, s 
0 c 
a, 
m 
5 
m o 
a, 
P 

u s 
M 
.rl 

n 

$ 

%I 

u 

.rl 
d 

. . .  
d N r n d  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 

cd 

s e a ,  
.rl a, d 
d a 0  
3 0  a 

o x  
5 m  u 0 

h 
cd 
? 
k 
a, a 
2 

d N c r )  

MARTIN MARIEITA CORPORATION 
D E N V E R  D l V l S l O N  



3.3- 76 FR-22-103 Vol IV Sect I 

Table 3.3-20 ESP Science Data Subsystem Alternate Concepts 

Data Storage 

Analog Voltag 

Conversion 

SDS Packaging 

Alternate 
Concepts 

Integrated Circuits,  
Hardwire Logic 

Magnetic Circui t ,  
Hardwire Logic 

Magnetic Core Memory 
Oriented; Stored 
Program 

Flagnetic Core S t a t i c  
Storage 

k g n e t i c  Tape Recordin 

High Level (0-5VDC) 

LOW Level ( 0 - ~ O M V )  

Combination High/Low 
Level 

ADC: Continuous 
Method 

ADC: Successive 
Approximation 

ADC: Simultaneous 
Method 

Solid S ta te  Transis tor  
Switching 

Mechanical Relay 
Switching 

Discrete Circui t  
Components 

Integrated Circui ts  

Combination of 
Discretes and 
Integrated 

Reasons f o r  Consideration 

Simple design, minimum risk; f ixed 
program design; time sequencing can 
be reprogrammed by a programming matrix. 

Simple design, minimum r isk;  f ixed 
program design; time sequencing can be 
reprogrammed by a programming matrix; 
i s  nonvolati le t o  power drop-out. 

Has a l l  the  advantages of 2 a,bove except 
it i s  capable of remote reprogramming. 

Size and weight r a t i o  t o  b i t  capacity 
i s  good up t o  200,000 bits;  has space 
f l i g h t  h is tory.  

H i g h  b i t  storage capacity; has space 
f l i g h t  h is tory.  

High l e v e l  input s impl i f ies  SDS design 
by eliminating ampli f ier  from SDS; 
b e t t e r  s igna l  t o  noise. 
Centralized multiplexing/ampli f i  ca t ion 
within SDS permits g rea te r  system 
f l e x i b i l i t y  and choice of instruments. 
Greatest system f l e x i b i l i t y  with 
advantages of both high and low leve l .  

Continuous Method of ADC associa tes  one 
each input (instrument ), eliminates the  
need f o r  analog multiplexing. 

Successive Approximation o f fe r s  speed, 
accuracy and r e l i a b i l i t y ;  has space 
f l i g h t  h is tory.  

Simultaneous Method o f fe r s  high speed 
A-D conversion. 

Space f l i g h t  h is tory,  r e l i a b i l i t y  and 
accuracy with both high and low l e v e l  
inputs. 

Good r e l i a b i l i t y  for low speed switching 

Avai labi l i ty  of qual i f ied components 

~ 

Minimum s i z e  and weight with high 
r e l i a b i l i t y .  
%kes maximum usage of qual i f ied 
components. 

3 
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Analysis of Capsule Bus Motion L i m i t s  f o r  TV Surface  Imaging - Two requ i r e-  

ments regarding t e l e v i s i o n  imaging of t h e  su r f ace  during e n t r y  l e d  t o  an analy-  

s is  of t h e  f a c t o r s  c o n t r i b u t i n g  t o  image smear. F i r s t ,  i t  i s  requi red  t h a t  a 

te rmina l  r e s o l u t i o n  of one meter be obtained.  Second, it i s  necessary t h a t  t h i s  

p i c t u r e  be taken before  v e r n i e r  engine s t a r t  because of poss ib l e  degrading o p t i -  

cal e f f e c t s  from t h e  engine exhaust plumes. The combined r e s u l t  i s  t h a t  t he  one- 

meter r e s o l u t i o n  image m u s t  be obtained during te rmina l  descent  while  t he  Capsule 

Bus i s  suspended on i t s  parachute.  An important ques t ion ,  then,  i s  what are t h e  

e f f e c t s  of swinging, spinning,  and s e t t l i n g  motions on image q u a l i t y ?  I f  t hese  

cause an i n t o l e r a b l e  degradat ion f o r  a fixed-mounted instrument ,  then  some type  

of mot ion- s tab i l ized  support  i s  implied.  The a n a l y s i s  summarized he re  was ad- 

dressed t o  t h i s  ques t ion .  (Martin Mar i e t t a  Voyager Report No. PR-22-10-85) 

Figure 3.3-24 g ives  t he  major parameters a f f e c t i n g  image smear. These i n -  

volve pos i t i on  geometry, angular  r a t e s ,  and h o r i z o n t a l  descent  v e l o c i t i e s  of t h e  

Capsule Bus,  t oge the r  with s h u t t e r  speed of t he  camera. Values f o r  a parametr ic  

a n a l y s i s  were obtained from pre l iminary  design of t h e  t e l e v i s i o n  instrument and 

from s t u d i e s  of parachute dynamics.* Resul t s  of motion e f f e c t  ana lyses  f o r  two 

extreme atmospheres a r e  shown i n  F ig .  3.3-25 and 3.3-26. The va lues  shown were 

computed f o r  an a l t i t u d e  of 4000 f t ,  t h e  t e l e v i s i o n  instrument design poin t  f o r  

r e s o l u t i o n  of one meter per  o p t i c a l  l i n e  p a i r .  

A s  i nd i ca t ed  i n  t h e  f i g u r e s ,  t he  extremes of motion expected on t h e  parachute 

a t  4000 f t  w i l l  no t  cause an unacceptable amount of image smearing. Based on 

these  analyses ,  i t  was concluded t h a t  te rmina l  r e s o l u t i o n  requirements f o r  s u r -  

f a c e  images could be met without a s t a b i l i z e d  mount f o r  t he  t e l e v i s i o n  instrument .  

Use of an Open Ion Source Mass Spectrometer f o r  Analysis of t h e  U p p e r  Atmos- 

phere of Mars - I n t e r p r e t i n g  p r o p e r t i e s  of ambient atmosphere from mass spectrom- 

e t e r  ana lys i s  i s  a matter of c o r r e l a t i n g  the  con ten t s  of t h e  ion  source wi th  t h e  

n a t u r a l l y  occurr ing spec ies .  The r epor t  (Martin Mar i e t t a  Voyager Phase B Report 

PR-22-10-88) d iscusses  the f a c t o r s  involved when open ion  sources a r e  used and 

proposes t h e  experimental technique adopted f o r  h i g h- a l t i t u d e  composition meas- 

urements. The fol lowing i s  a summary of t h e  s a l i e n t  po in ts  covered. 

JcMoog, R. D., Voyager Prel iminary Parachute Dynamics, Mart in  Marietta, Voyager 
Systems Dynamics Report, 1967. 
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A t  any t i m e ,  p a r t i c l e s  i n  an i o n  s o u r c e  a r e  t h o s e  coming from t h e  ambient a t -  

mosphere t o g e t h e r  w i t h  p a r t i c l e s  t h a t  have i n t e r a c t e d  w i t h  t h e  su r rounding  s u r -  

f a c e .  To i n t e r p r e t  t h e  mass s p e c t r o m e t e r  a n a l y z e r  o u t p u t  i n  terms of ambient a t -  

mosphere number d e n s i t i e s ,  i t  i s  e s s e n t i a l  t o  know t h e  r e l a t i v e  p r o p o r t i o n s  of 

ambient t o  t o t a l  p a r t i c l e s  i n  t h e  source .  

An i n - s i t u  c a l i b r a t i o n  of t h e  i n s t r u m e n t  i s  t h e  most a c c u r a t e  way t o  measure 

t h e s e  r e l a t i v e  p r o p o r t i o n s .  The f ac t  t h a t  e n t r y  v e l o c i t i e s  of t h e  C a p s u l e  Bus 

are much h i g h e r  t h a n  v e l o c i t i e s  of t h e  ambient particles,’; i s  t h e  b a s i s  f o r  t h e  

c a l i b r a t i o n  t e c h n i q u e  proposed f o r  t h e  e n t r y  phase mass s p e c t r o m e t e r .  P a r t i c l e s  

i n  t h e  atmosphere a r e  e f f e c t i v e l y  “ s t a n d i n g  s t i l l ”  r e l a t i v e  t o  t h e  C a p s u l e  Bus  

and e n t e r  t h e  i o n  source  a t  v e h i c l e  v e l o c i t y  wi th  r e l a t i v e  k i n e t i c  e n e r g i e s  of a 

few e l e c t r o n  v o l t s  (about 4.8 ev f o r  C 0 2 ) .  These p a r t i c l e s  can overcome a s m a l l  

r e p e l l i n g  p o t e n t i a l  of s a y  2 o r  3 v main ta ined  on a g r i d  over  t h e  a n a l y z e r  i n l e t  

p o r t .  I n  t h i s  way t h e y  can  be s c r e e n e d  from e x t r a n e o u s ’ p a r t i c l e s  e n t e r i n g  t h e  

i o n  s o u r c e  from some s u r f a c e  i n t e r a c t i o n  and having i n s u f f i c i e n t  k i n e t i c  energy  

t o  overcome t h e  r e p e l l i n g  p o t e n t i a l .  An i n f l i g h t  c a l i b r a t i o n  of t h e  ins t rument  . 
i s  t h u s  provided.  

JcAmbient t empera tu res  o f  20o0K are expected.  Mean speed of C02 and 0 a t  th is  
V e l o c i t y  of the e n t e r i n g  t empera tu re  are 1,020 f p s  and 1,700 fps ,  r e s p e c t i v e l y .  

v e h i c l e  i s  n e a r  14,700 f p s .  ) 

A R T E N  MARIE CORPORATION 
D E N V E R  D I V I S I O N  



FR-22-103 Vol  IV Sect I 3 -4-1 

3.4 Communications Subsystem 

This  subsec t ion  d i scusses  t h e  requirements  and c o n s t r a i n t s ,  p r e fe r r ed  p r e l i m -  

ina ry  design,  a n a l y s i s  of s e l e c t i o n  of t h e  p re fe r r ed  approach and i d e n t i f i c a t i o n  

of a l t e r n a t i v e s  considered,  as we l l  as a summary of t he  t r a d e  s tud ie s .  

3.4.1 Requirements and Cons t r a in t s  

Table 3.4-1 summarizes t he  specif-ied and der ived  requirements  and c o n s t r a i n t s  

f o r  the Ent ry  Science Package communications subsystem. 

3.4.2 The Prefer red  Prel iminary Design 

Subsystem Descr ip t ion  - The communications subsystem f u n c t i o n a l  block diagram 

i s  shown i n  Fig.  3.4-1. The subsystem c o n s i s t s  of a r a d i o  assembly and an an-  

tenna and coupler  assembly. 

The r a d i o  subsystem con ta ins  two UHF t r a n s m i t t e r s  i n  a coopera t ive  mult ichannel  

arrangement. Both t r a n s m i t t e r s  normally ope ra t e  f o r  t he  e n t i r e  Entry Science Pack- 

age mission w i t h  each one t r a n s m i t t i n g  a l l  Entry Science Package sc ience  d a t a .  

The t r a n s m i t t e r s  ope ra t e  on d i f f e r e n t  f requencies  and a r e  connected t o  t he  antenna 

through i s o l a t e d  p o r t s .  P o l a r i z a t i o n  d ip l ex ing  of t he  two s i g n a l s  i s  used t o  

provide adequate i s o l a t i o n  w i t h  minimum i n s e r t i o n  l o s s .  The frequency s h i f t  keyed 

(FSK) s i g n a l  from t r a n s m i t t e r  1 i s  r a d i a t e d  as a r ight-hand c i r c u l a r  po la r i zed  

wave, whi le  t h e  FSK s i g n a l  from t r a n s m i t t e r  2 i s  r a d i a t e d  as a le f t- hand c i r c u l a r  

po lar ized  wave. The s p l i t - p h a s e  modulated te lemet ry  s i g n a l  and switched power 

s i g n a l s  t o  t he  two t r a n s m i t t e r s  a r e  i s o l a t e d  w i t h i n  the  communication subsystem. 

Sequence of Funct ions i n  Operation - Power i s  app l i ed  t o  t he  Entry Science 

Package communications subsystem and d a t a  t ransmiss ion  s t a r t s  a t  t he  time t h a t  

the  F l i g h t  Capsule v e l o c i t y  i s  reduced t o  3000 f p s .  The danger of a p o t e n t i a l  

communications blackout  i s  p a s t  by the  time the F l i g h t  Capsule v e l o c i t y  has been 

reduced t o  t h i s  va lue .  

The subsystem cont inues  t o  opera te  through t h e  te rmina l  descent  phase t o  one 

minute a f t e r  touchdown. 
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Communications Subsystem Performance - The Entry Science Package communica- 

t i o n s  subsystem must ope ra t e  over a range o f  achievable  d e o r b i t  and descent  t r a -  

j e c t o r i e s  i nd ica t ed  i n  Vol 11, Sect  I, paragraph 2.4.1.3.  The r e s u l t i n g  bounding 

excursions i n  range and F l i g h t  Capsule antenna a s p e c t  angle  are shown i n  Fig. 

3 .4- 2 .  The worst- case s i g n a l  performance margin a n t i c i p a t e d  during the  ind ica t ed  

descent  t r a j e c t o r i e s  over the  r a n g c o f  proposed miss ion  p r o f i l e s  i s  shown i n  

Table 3 .4- 2 .  The worst- case margin f o r  t he  p re fe r r ed  nominal mission i s  inc luded .  

The margins shown a r e  t he  va lues  t h a t  e x i s t  a f t e r  a l l  nega t ive  to l e rances  ( i nc lud-  

ing  fad ing)  have been deducted. The performance margin i s  t abu la t ed  f o r  each 

ind ica t ed  o r b i t  and r e f l e c t s  t he  minimum margin t h a t  occurs  dur ing  each phase f o r  

t h e  ind ica t ed  range of t a r g e t i n g  parameter,  0, and the  two atmosphere models (VM-8 

and VM-9) t h a t  bound the  communications geometry. The range of Spacecraf t  l ead  

angles  (A) considered i n  t he  t a b l e  a r e  c o n s i s t e n t  w i th  the  descen t  maneuver 

s t r a t e g y  d iscussed  i n  Vol  11, Sect  I, paragraph 2.4.1.3.  Worst case  te rmina l  

phase and landing dynamics and su r f ace  s lope  a r e  included i n  t h i s  t a b l e .  The bore-  

s i g h t  of the Spacecraft-mounted r e l a y  antennas i s  ad jus t ed  before  launch t o  favor  

t he  s e l e c t e d  Spacecraf t  o r b i t  i n c l i n a t i o n  and F l i g h t  Capsule d e o r b i t  date t o  ob- 

t a i n  the  va lues  i n d i c a t e d .  

Table 3.4-2 Entry Science Package Communications Subsystem Worst-case 
Performance Margin (db) 

+5 .O 

+6.1 

f 5 . 1  

+3.1 

Orb i t  
(W 

(Nominal MissiDn) 
1300 x 12500 

1300 x 12500 

800 x 8000 

800 x 12500 

1800 x 12500 

1800 x 17000 

+3.3 

+1.3 

+O .4 

+2 .o 

25 

10 t o  40 

10 t o  40 

10 t o  40 

10 t o  40 

10 t o  40 

-10 

0 t o  -10 

0 t o  -10 

0 t o  -10 

-10 
-10 

1BO t o  TP 

Deorbi t  T ra j ec to ry  Phase 

TP t o  TD ITD t o  TD+1 

+6.7 

+4.6 

+6.9 

+6.7 

+2.8 

f 2 . 7  

+7.6 +7.6 

f 3 . 1  I +2.0 

Note: - AB0 - Af te r  b lackout ,  F l i g h t  Capsule v e l o c i t y  10,000 f p s  
TP - Terminal phase, F l i g h t  Capsule a l t i t u d e  of 18000 f t  
TD - Touchdown 
TD+1 - Touchdown +l minute 
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Figures  3.4-3 through 3.4-8 show the  performance of t he  communications subsys-  

tem f o r  t he  e n t i r e  Entry Science Package ope ra t iona l  mission f o r  nominal l i n k  

parameter cond i t i ons .  

ances  and fad ing  margin i s  a l s o  presented .  A maximum negat ive  to l e rance  of 2 db 

i s  app l i ed  t o  t h e  fad ing  margin. Figure 3.4-3 i s  a r e fe rence  curve f o r  t h e  pre-  

f e r r e d  nominal miss ion ,  The r e fe rence  curve inc ludes  nominal F l i g h t  Capsu le  a t t i -  

tude v a r i a t i o n s ,  no te rmina l  phase o r  landing dynamics, and a zero Martian su r f ace  

s lope .  

j e c t o r y  a r e  shown i n  t h e  communication p r o f i l e s ,  Fig.  3.4-4 through 3.4-8. The 

t r a j e c t o r y  d i spe r s ions  considered a re  those  l i s t e d  i n  t h e  block a t  t he  top of each 

f i g u r e .  

A l i n e a r  summation of the  l i n k  parameter adverse t o l e r -  

The e f f e c t s  of  a l l  d i s p e r s i o n s  considered about t he  nominal deo rb i t  t ra-  

Wind e f f e c t s  on the  parachute,  r e s u l t i n g  i n  v a r i a t i o n s  of t10 deg i n  F l igh  

Capsule a spec t  angle  a r e  included from te rmina l  phase through touchdown. The e f -  

f e c t s  of d i s p e r s i o n s  of k 35 deg i n  F l i g h t  Capsule a spec t  angle  due t o  v e r n i e r -  

engine a t t i t u d e  o r i e n t a t i o n  t o  compensate f o r  maximum su r face  winds a r e  n o t  i n -  

cluded,  because the  worst  case  cond i t i on  reduces the margin by about 2 db f o r  

only a few seconds. 

ning a t  touchdown. 

AMar t i an  su r f ace  s lope  of 2 34 deg has been included begin-  

The sample des ign  c o n t r o l  t a b l e ,  Table 3.4-3, demonstrates t he  method of per -  

formance-margin c a l c u l a t i o n s .  The parameters r ep re sen t  condi t ions  f o r  po in t  (A),  1 
shown i n  Fig. 3.4-8, and i s  the  worst- case margin experienced over the  range of 

proposed mission p r o f i l e s  up t o  t h e  po in t  of touchdown. Def in i t i ons  of l i n k  param- 

e t e r  terms a r e  presented i n  Table 3.4-4. 

Hardware Desc r ip t ions  - The UHF t r a n s m i t t e r  and antenna coupler  a r e  d iscussed  

be low. 

UHF Transmi t te r  - The des ign  i s  based on the  TIROS-M APT t r ansmi t t e r ,  which 

i s  undergoing s t e r i l i z a t i o n  eva lua t ion .  

t r o l l e d  c r y s t a l  o s c i l l a t o r  t h a t  i s  FSK modulated by the sp l i t - phase  PCM te lemet ry  

d a t a .  A f requency- mul t ip l ie r ,  a m p l i f i e r ,  and c i r c u l a t o r  provide the  requi red  

t r a n s m i t t e r  power l e v e l ,  t r a n s m i t t e r  frequency, and antenna load impedance i s o l a -  

t i o n .  The t r a n s m i t t e r s  a r e  designed t o  ope ra t e  a t  two power l e v e l s .  The low power 

l e v e l  i s  requi red  t o  l i m i t  t he  amount of power r ad i a t ed  i n s i d e  the sea led  s t e r i l i -  

z a t i o n  c a n i s t e r  dur ing  f i n a l  system t e s t s .  

vary the  ga ins  i n  t he  power a m p l i f i e r  s t a g e s  and i s  i n i t i a t e d  by a c o n t r o l  s i g n a l  

rece ived  from the  LCF through the  umbi l i ca l .  Figure 3.4-9 shows a block diagram 

of the  t r a n s m i t t e r  and g ives  the  key performance c h a r a c t e r i s t i c s .  

The t r a n s m i t t e r  inc ludes  a voltage-con- 

D i rec t- cu r ren t  switching i s  used t o  
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Table 3.4-3 Worst-case Sample Design Cont ro l  Table 

Toleran 
(+I 

(Poin t  A - Fig. 3.4- 
; (db) 

(-> 

8. Receiving antenna poin t ing  l o s s  

9 .  Receiving c i r c u i t  l o s s  

10. N e t  c i r c u i t  loss 

11. Received carrier power 

12. Receiver no i s e  s p e c t r a l  dens i t y  

13. Prede tec t ion  noise  bandwidth 
( B i t  r a t e  = 50 kbps) 

14. Receiver no i s e  power 

15. Ca r r i e r - to- no i se  r a t i o  i n  226 kHz 

Data Channel 

16. Threshold c a r r ' e r - t o - n o i s e  r a t i o  
(Peb = 4 x 10- 4 ; WT = 6.6 db) 

17. Performance margin (without 
fad ing  allowance) 

18. Fading allowance 

19.  Performance margin 

Sync Channel 

20. E/No a t  synchronizer  i npu t  

21. B i t  sync c i r c u i t  l o s s  

22. E/No a t  phase lock loop  input  

23. Bandwidth improvement f a c t o r  

24. S ignal- to- noise  r a t i o  i n  2 B 

25. Sync loop threshold 

26. Performance margin (without  
fad ing  a1 lowance) 

27. Fading allowance 

28. Performance margin 

(WT = 6.6 db) 

LO 

- 
Value 

+ 44.8 dbm 

- 1.0 db 

+ 5.0 db 

- 1.2 db 

- 153.5 db 

- 0.2 db 

+ 8.0 db 

- 0.9 db 

- 1.0 db 

- 144.8 db 

- 100.0 dbm 

- 170.6 dbm 

+ 53.6 db 

- 117.0 dbm 

+ 17.0 db 

+ 4.4 db 

+ 12.6 db 

- 2.2 db 

+ 10.4 db 

+ 23.6 db 

- 7.8 db 

+ 15.8 db 

+ 30.0 db 

+ 45.8 db 

+ 20.0 db 

+ 25.8 db 

- 2.2 db 

+ 23.6 db 

1.0 

0.0 

0.5 
- 
- 

0.2 

0.5 

- 
0.0 

1.2 

2.2 

1.0 

0.4 

1.4 

3.6 

1.0 

4.6 

2 .o 
6.6 

3.6 

0.5 

4.1 
0.5 

4.6 

1 .o 
5.6 

2.0 

7.6 

0.0 

0.5 

0.5 
- 
- 

0.3 

0.5 

- 
0.5 

2.3 

2.3 

2.0 

0.4 

2.4 

4.7 

1.0 

5.7 

2 .o 
7.7 

4.7 

0.5 

5.2 

0.5 

5.7 

1.0 

6.7 

2.0 

8.7 

Notes 

30 w minimum 

+ 36" 

Medium Gain 
Antenna 

- 37" 

TSYS= 1000 OK 
Maximum 

2 BLO = 50 Hz 

4" rms j i t t e r  
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Parameter 

3 .4- 11  

D e f i n i t i o n  

Table 3.4-4 Link Performance Parameter Def in i t i ons  

Nominal rece ived  
c a r r i e r  power 

Prede tec t ion  no i se  
bandwidth 

I I 

The received c a r r i e r  power i s  t h a t  amount of power 
c o l l e c t e d  by the  r ece iv ing  antenna & de l ive red  t o  
the  input  of the  r e c e i v e r ,  expressed i n  dbm & ca l -  
cu la t ed  from the nominal system parameters.  

The p rede tec t ion  no i se  bandwidth i s  the  e f f e c t i v e  
no i se  bandwidth of e i t h e r  the mark o r  space channel 
a t  the  input  t o  the  d e t e c t o r  requi red  t o  accommo- 
d a t e  the  s i g n a l  spectrum due t o  the d a t a  b i t  r a t e  
& frequency unce r t a in ty .  

Parameter t o l e rance  

Fading allowance 

J 

Performance margin 

I n  t a b u l a t i n g  the  parameter values i n  the telecom- 
munications des ign  c o n t r o l  t a b l e s ,  t he  p o s i t i v e  & 
negat ive  to l e rances  have been assigned i n  a manner 
such t h a t  t o l e r ances  appearing i n  the  negat ive  
column always denote a decrease i n  the  s i g n a l - t o -  
no ise  r a t i o  & those appearing i n  the  p o s i t i v e  
column denote an inc rease .  

The computed degradat ion caused by mul t ipa th  e f f ec t s  
t h a t  a r e  manifested i n  s i g n a l  fading when the  d i r ec l  
and r e f l e c t e d  s i g n a l s  a r r i v e  a t  the  r e c e i v e r  wi th  
d i f f e r e n t  c h a r a c t e r i s t i c s .  

The performance margin i s  the  r a t i o  of the  nominal 
rece ived  c a r r i e r - t o - n o i s e  r a t i o  t o  the  threshold  
c a r r i e r - t o - n o i s e  r a t i o  expressed i n  db. Link per-  
formance s h a l l  be considered acceptab le  when the 
margin i s  equal  t o  o r  g r e a t e r  than the l i n e a r  sum 
of the l i n k  parameter nega t ive  to l e rances  & fading 
margin allowance. 

J 
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Antenna and Coupler - The selected design is a crossed-slot cavity-backed 

antenna capable of transmitting right- and left-hand circular polarizations. The 

slot is selected primarily for two reasons: 

:r 

1) Broad pattern coverage 

2) Power handling ability in the Martian atmosphere. 

Figure 3.4-10 summarizes the key characteristics of this element. 

Weight, Power and Volume - Table 3.4-5 summarizes the weight, power, and 
volume requirements of each Entry Science Package communications subsystem as- 

sembly. 

Table 3.4-5 Entry Science Package Communications Subsystem 
Weight, Power, and Volume Summary 

Transmitter 1 
Transmitter 2 

Cables 

Structure 

Antenna & coupler 

Cables 

Total assembl-y 

Subsystem tot a1 

Subsystem Reliability - The Entry Science Package communications subsystem 
uses two-channel cooperative redundancy for the transmitters. The probability 

of mission usccess for the communications subsystem is: 

Mean Prediction 0.9999 
This prediction is based on the equipment failure rates shown in Fig. 3.4-9 

and 3.4-10, and on the reliability mission profile previously described. All of 

these predictions exceed the reliability allocation of 0.982. 

The science data subsystem and power inputs to each on-line redundant transmit- 

ter are isolated back to the source, The science data signals are supplied by two 

different digital multiplexers. 

separate circuits in the Entry Science Package power subsystem. 

opening of any one of the input lines will not cause a Criticality I failure. 

The power to the transmitters is supplied by 

Thus a short or 
? 

i” 

M A  
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Antenna Feed C i r c u i t r y  

I 1 

(Dimensions i n  i n . )  

To Crossed S l o t s  

C i r c u i t r y  

4 r p  Couple r  

RHCP LHCP 
I n p u t s  

90 0 10 20 30 40 50 60 70 80 
8 (deg) 

CP P a t t e r n s  ( f o r  i n f i n i t e  ground p l a n e )  

I C h a r a c t e r i s t i c s  

Pa ramete r s  

Frequency 

Bandwidth 

I n p u t  VSWR (each  p o r t )  

I n p u t  p o r t  i n s o l a t i o n  

Gain 

P o l a r i z a t i o n  

Axia l  r a t i o  

Power hand1 i n g  C a p a b i l i t y  

O p e r a t i n g  F a i l u r e  R a t e ,  I Weight 

Value 

400 MHz nominal 

40 MHz 

1 . 2 : l  maximum 

20 db  minimum 

5.0 +_ 0.5 db  

Right  hand c i r c u l a r  & l e f t  hand 
c i r c u l a r  p o l a r i z a t i o n  
3.0 d b  maximum 

GO w s i m u l t a n e o u s l y  each  p o r t  

275 p e r  l o 9  hr  

4.0 l b  
I - 

F i g .  3.4-10 Low-Gain Antenna C h a r a c t e r i s t i c s  

b 
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The only single failure mode that will cause l o s s  of all high-data-rate entry 
3 

science data in the communications subsystem is associated with thc passive an- 

tenna and coupler elements. This failure mode is caused by either a mechanical 

defect in the antenna or in its printed circuit (stripline) coupler. Occurrence 

of this failure is very unlikely. A limited number of atmospheric transducer 
outputs are also transmitted in real time via the Capsule Bus telemetry and com- 

munication subsystem from atmospheric entry to landing. An alternative path is 
thus provided for these critical data. 

Sterilization - The selected design was examined to determine the impact of 
the sterilization requirement. It is believed that all parts used in UHF trans- 

mitter and antenna designs can be qualified for the sterilization environment. 

A potential problem is the effect of the high temperature on the crystal. Tests 

conducted in the past have shown that crystals have a tendency to acquire a per- 

manent frequency offset when subjected to the sterilization temperature. The 

magnitude of this offset is not greater than the other sources of frequency un- 

certainty (doppler, long-term stability) and therefore does not degrade system 

performance. 

\ 
1 

Interface Description - The Entry Science Package communications subsystem 
electrical interfaces are indicated in Table 3.4- 6 .  The thermal interface for 

the radio assembly is a maximum of 2.0 w/sq in. 

Standardization and Flexibility - The Entry Science Package communications 
subsystem design uses simple interfaces in both the Entry Science Package and 

the Spacecraft-mounted support equipment. The design has inherent flexibility- 

allowing the design of the science data subsystem and the science experiments a 

degree of flexibility in data rates, formats, and multiplex operation, The two 
UHF transmission paths offer the flexibility of twice the data quantity by trans- 

mitting different experiment data over each channel. The antenna coverage pro- 

vided by the Entry Science Package antenna offers coverage for a wide range of 

descent profiles. 

3.4.3 Analysis of the Selection of the Preferred Approach and Identification of 

Alternatives Considered (Rationale) 

The rationale for the selection of the preferred Entry Science Program com- 

munications subsystem considers those requirements that have been derived from 

the mission constraints, the selection of design parameters, and overall subsys- 
\ tem configuration. 
1 
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power c i r c u l a r  p o l a r i z a t i o n ,  
30 w 

c i r c u l a r  p o l a r i z a t i o n ,  
3 0  w 

- 4 0 0  M H z ,  l e f t- hand 
f 4  

Power subsystem Switched prime Two i s o l a t e d  inpu t s ;  100 w 

0 SE Tes t  p o i n t s ,  A l l  non-rf i npu t  & output  

power maximum each; 2 4- 3 7  vdc 

d i r e c t  access  e l e c t r i c a l  s i g n a l s  f o r  f a u l t  
c onn e c t o r  i s o l a t i o n  t o  t h e  r ep l aceab le  

assembly l e v e l .  Tes t  po in t s  
a r e  i s o l a t e d  through a high 
imp e d anc e 

t he  two t r a n s m i t t e r s  c o n t r o l s  
t he  low power mode dur ing  
p o s t - s t e r i l i z a t i o n  t e s t s  

I LCE Command An i s o l a t e d  i n p u t  t o  each of 

.L 

r e l a y  l i n k ,  the  end-to-end s p e c i f i e d  b i t  e r r o r  r a t e  of 5 i n  LO3 must be appor-  1 
t ioned between the  two r a d i o  l i n k s .  The Spacecraft- to-DSIF l i n k  can be w e l l  

MARTIN MAR1AZ-A CORPORATION 
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i d e f i n e d ,  w i t h  few m i s s i o n  paramete r s  b e i n g  v a r i a b l e s .  Th i s  i s  n o t  t r u e  o f  t h e  

l i n k  from t h e  Capsule  Bus t o  t h e  S p a c e c r a f t .  The range  of m i s s i o n  v a r i a b l e s  

a f f e c t s  t h e  m u l t i p a t h  environment i n  which t h e  E n t r y  Sc ience  Package communica- 

t i o n s  subsystem must perform.  The s e n s i t i v i t y  o f  t h e  s e l e c t e d  modulat ion system 

( s e e  Trade Study Summary) t o  miss ion-dependent  parameters ( S p a c e c r a f t  l e a d  a n g l e )  

i s  reduced by appor t ionment  of 4 i n 1 0  e r r o r s  t o  t h e  E n t r y  Sc ience  Package- to-  

S p a c e c r a f t  r e l a y  l i n k .  

t ,  

3 

A b i t  r a t e  o f  50 kbs  h a s  been s e l e c t e d  f o r  s e v e r a l  r e a s o n s .  F i r s t  i t  mee ts  

t h e  d a t a  ra te  requ i rements  e s t a b l i s h e d  by t h e  e n t r y  s c i e n c e  subsystem ( e n t r y  TV), 

and secondly ,  i t  i s  w i t h i n  t h e  assumed c a p a b i l i t y  o f  t h e  S p a c e c r a f t  d a t a  s t o r a g e  

subsys  tem ~ 

A low power mode has  been s e l e c t e d  f o r  t e s t  o p e r a t i o n s  i n s i d e  t h e  s e a l e d  

s t e r i l i z a t i o n  c a n i s t e r .  T h i s  i s  r e q u i r e d  t o  p r e v e n t  a c c i d e n t a l  squ ib  f i r i n g  due 

t o  l o c a l  h i g h  RF f i e l d s  caused by r e f l e c t i o n s  i n s i d e  t h e  F l i g h t  Capsu le ,  A l t e r n a-  

t i v e  methods c o n s i d e r e d  i n c l u d e  s w i t c h i n g  t h e  RF power i n t o  a dummy load  and t h e  

u s e  of a h a t  o v e r  t h e  an tenna .  D i r e c t - c u r r e n t  s w i t c h i n g  i s  p r e f e r r e d  over  RF 

s w i t c h i n g  f o r  t h r e e  reasons :  

1) DC s w i t c h i n g  i s  more r e l i a b l e  t h a n  RF s w i t c h i n g  

2 )  The an tenna  and connec t ing  c a b l e s  are n o t  t e s t e d  i f  RF s w i t c h i n g  i s  used 

3 )  D i r e c t - c u r r e n t  s w i t c h i n g  imposes a n e g l i g i b l e  we igh t  p e n a l t y  compared t o  

i 

dummy l o a d s  r e q u i r e d  f o r  RF s w i t c h i n g .  

An RF h a t  would b e  t h e  b e s t  s i m u l a t i o n ,  a s  t h e  conununications subsystem would 

o p e r a t e  i n  t h e  f l i g h t  c o n f i g u r a t i o n .  T h i s  method w a s  r e j e c t e d  a t  t h i s  t ime f o r  

two r e a s o n s :  

1) P o t e n t i a l  s a f e t y  hazard  i f  t h e  RF h a t  i s  n o t  t i g h t l y  coupled t o  t h e  a n-  

) 

t enna 

2 )  P o t e n t i a l  damage t o  t h e  an tenna  under  launch v i b r a t i o n  c o n d i t i o n s .  

F u r t h e r  i n v e s t i g a t i o n  of t h e  d e t a i l e d  RF h a t  d e s i g n  problems i s  planned f o r  

Phase C .  

Design Parameter  S e l e c t i o n  - One b a s i c  r e l a y  l i n k  parameter  is t h e  t r a n s m i t t e r  

r a d i o  f requency.  The s e l e c t i o n  o f  400 MHz i s  mainly  t o  e a s e  t h e  an tenna  i n t e g r a -  

t i o n  i n t o  t h e  E n t r y  Sc ience  Package and S p a c e c r a f t .  For f i x e d  g a i n ,  t h e  a n t e n n a  

volume i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  cube o f  t h e  t r a n s m i t t e r  f requency f o r  a 

c a v i t y- t y p e  an tenna  c o n f i g u r a t i o n .  The sysrsem weight  f o r  a g i v e n  communication 

performance i n c r e a s e s  a t  f r e q u e n c i e s  below about  200 MHz p r i m a r i l y  due t o  g a l a c-  

t i c  n o i s e .  A t  f r e q u e n c i e s  above 400 MHz t h e  weight  i n c r e a s e s  p r i m a r i l y  due t o  

p a t h  l o s s  (6 db p e r  oc tave  of f requency) .  Between 200 and 400 MHz t h e  sys tem 

T I  IE 
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weight i s  r e l a t i v e l y  i n s e n s i t i v e  t o  frequency and the  choice w i t h i n  t h i s  range 

can be based on the  ease  of i n t e g r a t i o n  of t he  antenna des ign  i n t o  the  vehic le .  

The choice of modulation technique was made pr imar i ly  on the  b a s i s  of over-  

coming the mul t ipa th  environment i n  which the  r e l a y  l i n k  must ope ra t e  ( see  Modu- 

l a t i o n  and Mul t ipa th  Trade Study Summary, below). Two modulation techniques were 

analyzed -- coherent  PSK and noncoherent FSK, An optimized coherent  PSK has a 

p o t e n t i a l  advantage of 3 db bu t  i s  s e n s i t i v e  t o  accura te  knowledge of the m u l t i -  

pa th  environment and mission geometry. The noncoherent FSK on the  o the r  hand i s  

more rugged, t h a t  i s ,  i n s e n s i t i v e  o r  very t o l e r a n t  t o  varying mul t ipa th  condi-  

t i o n s .  Therefore,  the  more conserva t ive  noncoherent FSK modulation technique i s  

s e l e c t e d  f o r  the p re fe r r ed  conf igura t ion .  

The Entry Science Package t r a n s m i t t e r  power l e v e l  i s  determined by cons idera-  

t i o n  of Spacecraft-mounted r e l a y  antenna ga in  and complexity as w e l l  as p o t e n t i a l  

breakdown problems i n  t he  Entry Science Package t r ansmi t t i ng  antenna.  A 30-w 

t r a n s m i t t e r  meets the l i n k  requirement and i s  w i t h i n  the power handl ing c a p a b i l i t y  

of the  s e l e c t e d  antenna. This power l e v e l  a l lows the  use of f i xed  medium- o r  low- 

ga in  antennas i n  t he  Spacecraft-Mounted Support Equipment. The Entry Science 

Package antenna i s  cons t ra ined  t o  meet the ga in  and coverage requirements w i t h  a 

f ixed  body-mounted antenna. A poss ib l e  a l t e r n a t i v e  con f igu ra t ion  based on a 

high-gain t r ack ing  Entry Science Package antenna w a s  e l imina ted  e a r l y  i n  the  

s tudy because of the g r e a t l y  added complexity of providing a two-degree-of-free- 

dom mount and antenna t r ack ing  c a p a b i l i t y .  A cavity-backed c ros sed- s lo t  antenna 

i s  s e l ec t ed  as the  p re fe r r ed  Entry Science Package design because i t  has the  

h ighes t  power handl ing c a p a b i l i t y  of any of the  a l t e r n a t i v e s  considered,  ( see  

Trade Study Summary below). The p a t t e r n  coverage of the cavity-backed crossed 

s l o t  i s  g r e a t e r  than t h a t  of o the r  antennas cons idered ,  

Configurat ion - To ensure t h a t  no s i n g l e  f a i l u r e  of an a c t i v e  element causes 

a Category I mission f a i l u r e ,  two on- l ine  Entry Science Package t r a n s m i t t e r s  

r a d i a t i n g  through a s i n g l e  m u l t i p o r t  antenna i s  the  se l ec t ed  conf igu ra t ion .  The 

antenna i s  a passive element and the  f a i l u r e  r a t e  i s  extremely low. The add i-  

t i o n a l  system c o s t  f o r  t h i s  redundant con f igu ra t ion  i s  s l i g h t ,  c o n s i s t i n g  of 4.5 

l b  of t r a n s m i t t e r  weight and about 15 wh of b a t t e r y  energy,  

Three o ther  Entry Science Package communication conf igu ra t ions  were considered 

i n  the  s tudy.  One system used a dua l  t ransmission r a t e .  Low b i t  ra te  atmos- 

pher ic  d a t a  a r e  t ransmi t ted  beginning a t  e n t r y  and high d a t a  r a t e  a f t e r  blackout  

( V  = 3000 fps )  when the sc ience  d a t a  c o l l e c t i o n  r a t e  i s  high due t o  TV opera t ion .  
I 

.> 
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T h i s  system i s  n o t  used because  of t h e  added complexi ty  a s s o c i a t e d  w i t h  d u a l  power 

l e v e l  t r a n s m i t t e r s  and b i t  r a t e  s w i t c h i n g  i n  t h e  r e c e i v e r s .  The p r e f e r r e d  Ent ry  

Sc ience  Package d e s i g n  s t o r e s  t h e  low- ra te  e n t r y  s c i e n c e  d a t a  u n t i l  t h e  F l i g h t  

Capsule  d e s c e n t  v e l o c i t y  i s  under 3000 f p s  ( a f t e r  b l a c k o u t ) ,  a t  which t i m e  t h e  

s t o r e d  d a t a  are  m u l t i p l e x e d  i n  w i t h  t h e  e n t r y  TV d a t a  and t r a n s m i t t e d  t o  t h e  

S p a c e c r a f t .  

Another c o n f i g u r a t i o n  examined s t o r e s  a l l  t h e  En t ry  Sc ience  Package d a t a  u n t i l  

a f t e r  touchdown, u s i n g  a low d a t a  r a t e  (3.6 kbps) r e l a y  l i n k  t r a n s m i s s i o n  c a p a b i l -  

i t y .  Th is  system i s  d i s c a r d e d  because  of an  Ent ry  Sc ience  Package m i s s i o n  r e l i a -  

b i l i t y  c o n s i d e r a t i o n .  A s u c c e s s f u l  s o f t  l a n d i n g  of t h e  F l i g h t  Capsule  i s  r e q u i r e d  

f o r  t h e  e n t r y  s c i e n c e  d a t a  t o  be  recovered  from t h e  t a p e  r e c o r d e r .  A we igh t  p e n a l t y  

would a l s o  b e  i n c u r r e d  because  o f  t h e  a d d i t i o n  o f  a t a p e  r e c o r d e r  t o  t h e  En t ry  

Sc ience  Package. 

An a l t e r n a t i v e  i n t e g r a t e d  r e l a y  communications subsystem approach w a r r a n t s  

s e r i o u s  c o n s i d e r a t i o n  i f  t h e  requ i rement  f o r  m o d u l a r i t y  i s  r e l a x e d  i n  t h e  f u t u r e ,  

F i g u r e  3.4-11 i s  a block diagram of  an  example of such a n  i n t e g r a t e d  r e l a y  com- 

munica t ions  subsystem s e r v i n g  t h e  Capsule Bus, En t ry  Sc ience  Package and Sur face  

Labora to ry ,  u s i n g  a s i n g l e  s e t  of communications equipment l o c a t e d  i n  t h e  Capsule 

Bus. It u s e s  i d e n t i c a l  d u a l  t r a n s m i t t e r s  o p e r a t i n g  o n- l i n e  i n  p a r a l l e l  redundancy, 

w i t h  t h e  requ i rement  t o  s w i t c h  t h e  RF power l e v e l s  d u r i n g  e n t r y  ( a t  abou t  75,000 

f t  a l t i t u d e )  f o r  low and h i g h  bandwidth o p e r a t i o n s .  Two s u b c a r r i e r s  hand l ing  a l l  

d a t a  a r e  f r e q u e n c y- d i v i s i o n  m u l t i p l e x e d  and t h e  composi te  s i g n a l  phase modulates  

t h e  t r a n s m i t t e r s .  

A comparison o f  key f e a t u r e s  of t h i s  i n t e g r a t e d  approach w i t h  t h e  p r e f e r r e d  

c o n f i g u r a t i o n  i s  shown i n  Table  3.4-7. 

f o r  s a v i n g s  i n  we igh t  and volume a t  t h e  expense o f  i n c r e a s e d  hardware complexi ty  

and i n c r e a s e d  i n t e r f a c e  complexi ty .  I n  view of our  recommendation t o  s e l e c t  

FSK modulat ion as l e s s  s e n s i t i v e  t o  m u l t i p a t h ,  t h i s  p a r t i c u l a r  approach would r e -  

q u i r e  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  e f f e c t s  of m u l t i p a t h  f o r  t h e  n e c e s s a r y  PSK/F’M 

modulat ion.  I n  view of t h e s e  c o n s i d e r a t i o n s ,  w e  do n o t  b e l i e v e  t h a t  a weigh t  

s a v i n g  o f  22 l b  m e r i t s  a d e v i a t i o n  from t h e  m o d u l a r i t y  concept  i n  t h i s  c a s e .  

S e p a r a t e  r e l a y  communication subsystems f o r  t h e  Capsule  Bus, and S u r f a c e  Labo- 

r a t o r y  a r e  t h e r e f o r e  chosen as t h e  p r e f e r r e d  c o n f i g u r a t i o n .  

The i n t e g r a t e d  d e s i g n  has  a p o t e n t i a l  
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3.4.4 Trade Study Summaries 

Mul t ipa th  Analysis ,  Modulation Se lec t ion ,  and Fading Margin Determinat ion - 
The purpose of t h i s  t r a d e  s tudy was t o  determine the e f f e c t  of t he  mul t ipa th  en-  

vironment encountered dur ing  the  Entry Science Package descent  on the  d a t a  e r r o r  

r a t e  i n  the  Entry Science Package- to-Spacecraft  r e l a y  l i n k .  By comparing the  

performance of va r ious  modulation-demodulation schemes, a technique t h a t  e x h i b i t s  

t he  maximum immunity t o  t h e  expected mul t ipa th  environment w i th  maximum des ign  

s i m p l i c i t y  was s e l e c t e d .  Based on the  r e s u l t s  of t h i s  s tudy ,  i t  i s  recommended 

t h a t  noncoherent FSK modulation be used f o r  t he  Entry Science Package-to-Space- 

c r a f t  r e l a y  l i n k .  

The Entry Science Package t o  Spacecraf t  r e l a y  l i n k  must be e s t a b l i s h e d  a f t e r  

en t ry  and maintained u n t i l  s h o r t l y  a f t e r  touchdown. Wide v a r i a t i o n s  i n  Entry 

Science Package antenna a spec t  angles  a r e  expected. Hence, the  t r a n s m i t t i n g  an-  

tenna on the Entry Science Package must cover a l a r g e  a rea .  

may thus  be r e f l e c t e d  from t h e  s u r f a c e  of Mars toward t h e  Spacecraf t  r ece ive r .  

The r e f l e c t e d  s i g n a l  a r r i v e s  a t  t he  Spacecraf t  r e c e i v e r  delayed and wi th  a d i f -  

f e r e n t  doppler component w i th  r e s p e c t  t o  t he  d i r e c t  s igna l .  

amplitude and phase of t he  r e f l e c t e d  s i g n a l  a r e  time v a r i a n t  w i th  r e s p e c t  t o  t h e  

d i r e c t  s i g n a l  because of t he  s c a t t e r i n g  incu r red  a t  t h e  Mart ian su r f ace .  

S i g n i f i c a n t  energy 

I n  a d d i t i o n ,  t h e  

1 

The f i r s t  po r t i on  of the  s tudy  developed an appropr i a t e  model f o r  the  Mart ian 

su r f ace .  This model assumed a s u r f a c e  amplitude d i s t r i b u t i o n  def ined  by a two- 

dimensional Gaussian p r o b a b i l i t y  d e n s i t y  func t ion  w i t h  a Gaussian a u t o c o r r e l a t i o n  

c o e f f i c i e n t .  This  model was used t o  show t h a t  the  su r f ace  bandwidth ranged from 

4.2 kHz t o  4 2  Hz f o r  t y p i c a l  F l i g h t  Capsule v e l o c i t y  p r o f i l e s .  It w a s  found t h a t  

the  fad ing  r a t e  would be r e l a t i v e l y  slow compared t o  the Entry Science Package 

d a t a  r a t e  (50 kbps s p l i t  phase) .  A slow fad ing  process was analyzed as leading  

t o  conserva t ive  des ign  margins. Hor izonta l  and v e r t i c a l  r e f l e c t i o n  c o e f f i c i e n t s  

were found w i t h  the  a i d  of t he  Mart ian su r f ace  model, assuming t h a t  t he  Mart ian 

su r f ace  p r o p e r t i e s  a re  similar t o  a d e s e r t  su r f ace .  This assumption i s  supported 

by backsca t t e r  measurements of the  Moon and Venus. 

The second po r t ion  of the  a n a l y s i s  compared var ious  modulation schemes wi th  

r e s p e c t  t o  t h e i r  s u s c e p t i b i l i t y  t o  mu l t ipa th  i n t e r f e r e n c e .  A t  the  o u t s e t  of t h i s  

a n a l y s i s ,  some form of angle  modulation was ind ica t ed  i n  order  t o  minimize the  

e f f e c t s  of mu l t ipa th  amplitude d i s p o r t i o n .  Two modulation schemes were s e l e c t e d  

f o r  f u r t h e r  a n a l y s i s  -- noncoherent FSK and coherent  PSK. Coherent FSK was not  
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) considered because it r e q u i r e s  coherent  c a r r i e r  lock  a t  t he  r e c e i v e r  as PSK does 

but  does not  y i e l d  t h e  advantage of bior thogonal  de t ec t ion .  

The a n a l y s i s  then  compared the  performance of t he  Entry Science Package-to- 

Spacecraf t  da t a  l i n k  wi th  f i x e d  t r a n s m i t t e r  and antenna parameters f o r  t hese  two 

modulation schemes. This  comparison was performed f o r  t y p i c a l  descent  p r o f i l e s  
3 

through the  two atmospheric models, VM-8 and VM-9. Data e r r o r  r a t e  of 1 i n  10 

and 5 i n  10 were assumed t o  a s c e r t a i n  t he  e f f e c t  of e r r o r  r a t e  on fading margin. 

An a n a l y s i s  of t he  t i m e  de lay  between t h e  d i r e c t  and r e f l e c t e d  components i nd i -  

ca t ed  t h a t  t h e  d i f f e r e n t i a l  delay could be hundreds of microseconds. For a b i t  

r a t e  of 100 kbps s p l i t  phase, t he  b i t  per iod  (10 11 sec) i s  s m a l l  enough t o  make 

the  delayed r e f l e c t e d  component appear as a jamming s i g n a l  a t  t he  r e c e i v e r  during 

a s u b s t a n t i a l  po r t ion  of t he  Entry Science Package mission,  p a r t i c u l a r l y  i n  the  

FSK system ( i .e . ,  both the  mark and space channels a r e  exc i t ed  s imultaneously) .  

3 

For the  PSK system, the  e f f e c t  of the  mul t ipa th  i s  a more s i m p l e  fading proc- 

e s s  r ega rd l e s s  of the  d i f f e r e n t i a l  time de lay ,  assuming t h a t  coherent  c a r r i e r  

lock  is  maintained. Two cases  were analyzed: -- where the  r ece ive r  phase lock  

loop (PLL) i s  wide wi th  r e spec t  t o  t he  fad ing  bandwidth and thus  t r a c k s  the  phase 

pe r tu rba t ions  introduced by the  mul t ipa th ,  and where t h e  PLL i s  narrow wi th  r e -  

spec t  t o  t he  fading bandwidth and thus  t r a c k s  the  nominal d i r e c t  c a r r i e r .  A 

c l e a r  advantage f o r  t h e  wide-loop approach i s  ind ica t ed  by t h i s  a n a l y s i s ,  but  

when the  upper l i m i t  of t he  fading bandwidth is  considered,  it i s  clear t h a t  an  

in te rmedia te  va lue  of loop bandwidth i s  necessary t o  maintain reasonable s i g n a l -  

to-noise r a t i o  i n  t he  loop  without  excess ive  c a r r i e r  power. For t h i s  comparative 

a n a l y s i s ,  a r e l a t i v e l y  narrow loop bandwidth was se l ec t ed .  

3 

The composite r e s u l t s  of t h i s  mission-dependent a n a l y s i s  a r e  shown i n  Fig.  

3.4-12, -13, and -14. These curves p l o t  fading margin r equ i r ed  versus  t he  Space- 

c r a f t  lead angle .  Each curve i s  a s soc i a t ed  wi th  a p a r t i c u l a r  mission p r o f i l e  and 

b i t  e r r o r  r a t e  as ind ica t ed .  Figure 3.4-12 i n d i c a t e s  the  performance of the  FSK 

system i f  d i f f e r e n t i a l  time de lays  a r e  neglec ted .  F igure  3.4-13 d e p i c t s  the per-  

formance of the  FSK system inc luding  the e f f e c t s  of d i f f e r e n t i a l  time de lay .  The 

rap id  inc rease  i n  the r equ i r ed  fading margin f o r  extremes i n  the  bus lead  angle i s  

r e a d i l y  apparent .  Note t h a t  t h i s  d ivergent  behavior i s  cons iderably  smoothed i f  

the b i t  e r r o r  r a t e  c o n s t r a i n t  i s  re laxed .  This i n d i c a t e s  some r e s t r i c t i o n  on the  

excursions i n  the Spacecraf t  lead angle  (-10 deg <A< 10 deg) and appor t ion ing  

the end-to-end e r r o r  r a t e  t o  favor  the Entry Science Package- to-Spacecraft  r e l a y  ‘i 
d 
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l i n k .  

b i t  e r r o r  r a t e  performance be s p e c i f i e d  as 4 x 10 

l i n k  be 1 x 

It i s  recommended t h a t  the  Entry Science Package- to-Spacecraft  r e l a y- l i n k  
-3 

and the  Spacecraf t- to-Earth 

F igure  3.4-14 i n d i c a t e s  t he  PSK system performance. When t h i s  i s  compared t o  

Fig.  3.4-13, it i s  c l e a r  t h a t  the  fading margins a r e  approximately equiva len t ,  

wi th  a s l i g h t  margin a t  the  extremes of A i n  favor  of PSK, 

The r e s u l t s  of t h i s  comparative a n a l y s i s  i n d i c a t e  t h a t  a fading margin of 

2 t o  3 db should be adequate f o r  e i t h e r  FSK o r  PSK under the assumptions made f o r  

t h i s  a n a l y s i s .  However, the  shape of the mission-dependent fad ing  margin curves 

i s  a s e n s i t i v e  func t ion  of t he  r e f l e c t i o n  c o e f f i c i e n t  of the  Martian su r f ace .  

Without f u r t h e r  v e r i f i c a t i o n  of the  su r f ace  c h a r a c t e r i s t i c s ,  the fad ing  margin 

should be increased  by up t o  2 db over the computer c a l c u l a t e d  worst- case fad ing  

requirements .  

F i n a l  po r t ions  of t he  s tudy d e a l  wi th  the  a b i l i t y  of these  two modulation 

techniques t o  d e a l  w i t h  o the r  per turb ing  events  dur ing  the course of the  Entry 

Science Package mission.  The PSK system r e q u i r e s  t h a t  c a r r i e r  phase lock be e s t a b-  

l i shed  s h o r t l y  a f t e r  blackout  dur ing  the landing descent .  Analysis  shows t h a t  the 

t o t a l  frequency u n c e r t a i n t y  t h a t  t he  PSK system must r e so lve  during the a c q u i s i t i o n  

period i s  ? 10 KHz.  Thus, a swept search  approach must be used i n  the  Spacecraf t  

r e c e i v e r .  Ca lcu la t ion  of the a c q u i s i t i o n  time i n d i c a t e s  t h a t  10 t o  20 sec  w i l l  be 
6 

requi red ,  r e s u l t i n g  i n  a los s  of up t o  10 b i t s  of Entry Science Package d a t a .  

Fu r the r ,  the p r o b a b i l i t y  of acqu i r ing  the  r e f l e c t e d  s i g n a l  may not  be n e g l i g i b l e  

due t o  d i f f e r e n t i a l  doppler  e f f e c t s  incur red  dur ing  descent .  

Coherent PSK has a p o t e n t i a l  2 t o  3 db advantage over FSK simply due t o  b i -  

or thogonal  s igna l ing  and r e q u i r e s  no a d d i t i o n a l  fading margin penal ty,  However, 

the  increased  complexity a t  t h e  r e c e i v e r  terminal  and the  r i s k s  of acqui r ing  the  

Rayleigh s c a t t e r e d  r e f l e c t e d  wave i n d i c a t e  a s e l e c t i o n  of noncoherent FSK. 

Radio Relay Link Antenna Studies  - The r e l a y  l i n k  antenna s tudy inc ludes  a 

cons ide ra t ion  of t he  t r ansmi t t i ng  antenna on the Entry Science Package. The Entry 

Science Package r e l a y  l i n k  comprises two channels i n  the  400-MHz band. Required 

beamwidths were determined from the  t r a j e c t o r y  d a t a .  P o l a r i z a t i o n  s e l e c t i o n  was 

based on the d e s i r e  t o  use the  same antenna f o r  two sepa ra t e  t ransmissions,  i n d i -  

c a t i n g  the  need f o r  two i s o l a t e d  p o r t s .  

The Entry Science Package antenna must r a d i a t e  the  requi red  power without  

breakdown throughout the whole atmospheric p r o f i l e  of the  descent .  

3 

MARTIN MARIE-A CORPORATION 
D E N V E R  D I V I S I O N  



FR-22-103 Vol I V  S e c t  I 3 .4- 25 

I C i r  c u l a r  R e c e i v e r  
-3 P = 10 

av 

0 10 20 

A, S p a c e c r a f t  Lead  Ang le  (deg )  

F i g .  3 .4- 12 FSK F a d i n g  Margin  as  a F u n c t i o n  o f  S p a c e c r a f t  Lead Angle  
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The Entry Science Package antenna c o n s t r a i n t s  r e s u l t i n g  from these  s t u d i e s  

a r e  l i s t e d  below. Fixed body mounting i s  assumed. 

Parameter 

Frequency 

No. of p o r t s  

Bandwidth 

3 db Beamwidth 

Gain, over 3 db 

Gain, over hemis- 

P o l a r i z a t i o n  

Power hand l i n g  

Beamw i d  t h  

phere 

Value 

400 M H z  

2 

400 MHz 

120" x 120° 

+2 d b i ,  minimum 

-3 d b i ,  minimum 

RC, LC 

30 w per  channel 

A number of  candida tes  f o r  t he  Entry Science Package antenna were examined, 

inc luding  the  cup h e l i x ,  the cavity-backed crossed s l o t ,  the  curved d i p o l e  t u r n -  

s t i l e ,  t he  cup-dipole t u r n s t i l e  and the  annular  s l o t .  These were a l l  evaluated 

a g a i n s t  t he  c o n s t r a i n t s  of ga in  p a t t e r n ,  power handl ing,  dua l  p o l a r i z a t i o n  capab i l -  1 
i t y ,  and s i z e .  Such antenna parameters as weight,  complexity,  s t e r i l i z a b i l i t y ,  

proven space use,  and s e n s i t i v i t y  t o  t he  environment were a l s o  analyzed. 

Gain p a t t e r n s  wi th  an i n f i n i t e  ground plane and p a t t e r n s  w i th  i s o l a t e d  small 

ground planes were both used i n  these  comparisons. 

unpredic tab le ,  because i t  depends on the  veh ic l e  shape. It i s  assumed t h a t  the  

pa1:tern w i l l  l i e  somewhere between the  two conf igu ra t ions  considered,  except per-  

haps f o r  small anomalous reg ions  i n  the  p a t t e r n  caused by i r r e g u l a r i t i e s  i n  the 

v e h i c l e ,  

The a c t u a l  p a t t e r n  i s  somewhat 

Data on the antenna breakdown i s  based on ex tens ive  t e s t s  o f  var ious  antenna 

types i n  simulated Mart ian atmospheres a t  va r ious  f requencies  and pressures .  

These t e s t s  a r e  descr ibed  under "Antenna Breakdown Experimentation" below. 

The two c r i t e r i a  g iven  the  g r e a t e s t  weight i n  the comparison study a r e  power 

handl ing c a p a b i l i t y  and ga in  p a t t e r n .  Among the  antennas t e s t e d ,  only the c a v i t y -  

backed crossed s l o t  s a t i s f i e d  the  ga in  p a t t e r n  c o n s t r a i n t s  s p e c i f i e d  above. The 

cavity-backed crossed s l o t  and the  annular  s l o t  had s u b s t a n t i a l l y  b e t t e r  power 

handl ing c a p a b i l i t y  than the o the r  candida tes .  The cavity-backed crossed s l o t  

was se l ec t ed  on t h i s  b a s i s ,  even though i t  compared r a t h e r  poorly wi th  some of  the 

o the r  candida tes  i n  s i z e  and weight .  

j 
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The antenna breakdown problem i n  the  l i g h t  of Entry Science Package power 
I 

l e v e l s  of  30 w has  no t  been completely reso lved  a t  t h i s  time. 

mined by tes ts  (descr ibed  below) t h a t  a s i m p l e  p r i n t e d - c i r c u i t  ve r s ion  of t he  

cavity-backed crossed  s l o t  w i l l  break down a t  around 60 w a t  t h e  c r i t i c a l  pressure .  

We a r e  con f iden t  t h a t  the  power handl ing c a p a b i l i t y  can be improved by a t  l e a s t  

2 t o  1 through a d e t a i l e d  des ign  and t e s t  program. This  confidence i s  supported 

by t e s t s  of a s i n g l e  s l o t  a t  233 MHz t h a t  d i d  not  break down a t  the  250 w l e v e l .  

It has been d e t e r -  

Antenna t e s t  d a t a  now a v a i l a b l e  f o r  two-signal i n p u t s  a r e  inadequate ,  S u f f i -  

c i e n t  t e s t s  w i l l  be c a r r i e d  ou t  t o  permit r e l i a b l e  p r e d i c t i o n  of breakdown, and 

t o  opt imize the  antenna des ign  f o r  t h i s  type of i npu t .  We a r e  conf ident  t h a t  a 

s i n g l e  antenna capable of handl ing 30 w per  channel can be developed. 

Antenna Breakdown Experimentation - Martin Denver* has been conducting t e s t s  

t o  examine vo l t age  breakdown cond i t i ons  over  t h e  range of gas composition f o r  

Mart ian atmospheres VM-1 through VM-10. Design d a t a  f o r  r e p r e s e n t a t i v e  Capsule 

Bus System antennas have been compiled and methods considered f o r  improving the  

power-handling c a p a b i l i t i e s  of these  antennas.  

i The breakdown f a c i l i t y  i s  i n s t a l l e d  i n  an anechoic chamber t o  minimize r e f l e c -  

t i o n s .  

p l a s t i c  vacuum chamber. 

connected t o  the  r egu la t ed  gas supply l i n e  and bled i n t o  the  vacuum chamber t o  the 

t e s t  p re s su re .  Two polonium 210 i o n i z a t i o n  sources ( 5 0 0 ~  c u r i e  each) provide a 

source of e l e c t r o n s  t o  s ta r t  the  i o n i z i n g c o l l i s i o n s  and t o  ensure  uniform r e s u l t s .  

NASA has developed models of  the  Mart ian atmosphere c o n s i s t i n g  of f i v e  d i f f e r -  

The antenna t o  be t e s t e d  i s  i n s t a l l e d  over a ground plane and placed i n  a 

The cy l inde r  of t he  gas model under i n v e s t i g a t i o n  i s  

e n t  mixes of  CO N and A: 

1) 20% C 0 2 ,  80% N2 
2 ’  2 

2 )  100% co2 
3) 70% C 0 2 ,  30% A 

4)  

5)  
These gas miz tu re s  were used i n  t e s t s  t o  determine gas mixture e f f e c t  on an-  

30% C 0 2 ,  30% N2,  40% A 

10% C 0 2 ,  70% N2,  20% A. 

tenna breakdown. The t e s t s  were c a r r i e d  ou t  using a %-wavelength monopole c u t  t o  

a frequency of 420 MHz. 

9: Antenna Breakdown i n  Mart ian Atmosphere, C.H. Brockmeyer, AAS Symposium on ‘I 
J 

Science and Technology, J u l y  1967,  Denver, Colorado 
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Figure 3.4-15 shows the  composite breakdown curve of t h e  f i v e  d i f f e r e n c e  mix- 

t u r e s .  The mixtures  w i t h  a h igh  percentage of CO and CO form the l e f t  boundaries 

of t he  curve.  A i r  forms t h e  r i g h t  boundaries of t h e  curve.  The mixture of 20% 

CO -80% N2 holds c l o s e  t o  t h e  curve f o r  a i r ,  which would be expected because a i r  

i s  about 80% N2. 

These d a t a  show t h a t  over  a wide range of a l t i t u d e s ,  gas composition has a minimal 

e f f e c t  on the  power-handling c a p a b i l i t y  of the  monopole antenna. 

2 2 

2 
The mixture w i t h  40% A i s  nea r ly  midway between the  boundaries .  

A p r i n t e d- c i r c u i t  d i r e c t - f e d  420-MHz crossed s l o t  w i th  c a v i t y  backing was testr- 

ed and broke down a t  approximately 60 w a t  170,000 f t  i n  a l l  atmospheres. A foam- 

f i l l e d  cavity-backed 233-MHz s l o t  antenna could no t  be broken down wi th  250 w i n  

a i r ,  C 0 2 ,  o r  an atmosphere of 30% CO 

of corona and the  vo l t age  s tanding  wave r a t i o  was cons t an t  over the  pressure  range 

corresponding t o  a l t i t u d e s  u p  t o  230,000 f t .  

30% N2 and 40% A .  There was no i n d i c a t i o n  2’ 

This  e f f o r t  i s  cont inuing  and t e s t s  a r e  t o  be conducted on a number of o the r  

b a s i c  antennas,  among which a r e  200-to-400-MHz cavity-backed sp i ra ls ,  S-band cupped 

t u r n s t i l e s ,  and S-band cupped h e l i x  feeds .  

A t  t h i s  po in t ,  the  prel iminary conclusions on vol tage  breakdown i n  the  Mart ian 

atmosphere a re :  

The atmosphere of Mars w i l l  probably have much the same breakdown c h a r a c t e r -  

i s t i c s  as the  atmosphere of Ea r th  a t  t he  same pressure  

The atmospheric pressure  on the  su r f ace  of Mars appears  t o  be c lose  t o  the  

c r i t i c a l  breakdown reg ion  of the gases  t h a t  c o n s t i t u t e  t h a t  atmosphere, 

thus  suppor t ing  plans f o r  f u r t h e r  t e s t i n g  

An Entry Science Package cavity-backed c ros sed- s lo t  antenna can be designed 

t o  handle t he  combined power of 60 w from the  Entry Science Package t r a n s -  

m i t t e r s  wi thout  breaking down from turn-on a t  about 75,000 f t  a l t i t u d e  

u n t i l  landing.  This  w i l l  be v e r i f i e d  by f u r t h e r  experimentat ion.  
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1 3.5 Cab l ing  Subsystem 

T h i s  s u b s e c t i o n  d i s c u s s e s  t h e  c a b l i n g  r e q u i r e m e n t s  and c o n s t r a i n t s ,  p r e f e r r e d  

p r e l i m i n a r y  d e s i g n ,  and t h e  a n a l y s i s  of t h e  s e l e c t i o n  of  t h e  p r e f e r r e d  approach.  

3 .5 .1  C a b l i n g  Requirements  and C o n s t r a i n t s  

The f o l l o w i n g  t a b l e  summarizes t h e  d e r i v e d  r e q u i r e m e n t s  t h a t  most i n f l u e n c e d  

the  c h o i c e  of  t h e  c a b l i n g  d e s i g n  f o r  the 

b. Maximum use  of 
s t r u c t u r a l  geometry 

Rout ing  Avoid o p t i c a l  ti sensor  
l o o k  a n g l e s ,  c o n t r o l  r j e t s  

E n t r y  Sc ience  Package. 

Connectors  

3 . 5 . 2  The P r e f e r r e d  P r e l i m i n a r y  Design 

Subsystem D e f i n i t i o n  - The subsystem i n t e r c o n n e c t i n g  c a b l i n g  subsystem i s  

t h e  c a b l i n g  t h a t  i s  r e q u i r e d  t o  e l e c t r i c a l l y  i n t e r c o n n e c t  sys tems and subsystems.  

I n  t h e  E n t r y  Sc ience  Package,  t h e  c a b l i n g  h a r n e s s e s  t o  be provided w i l l  connect  

t h e  f o l l o w i n g  E n t r y  Sc ience  e lements :  

I 

1) T e l e v i s i o n  cameras (2) 

2)  Quad mass s p e c t r o m e t e r  (2) 

3 )  T o t a l  t e m p e r a t u r e  s e n s o r  

4 )  P r e s s u r e  t r a n s d u c e r  

5)  P i l o t - s t a t i c  probe 

6) Science  d a t a  and e l e c t r o n i c s  

7 )  Radio assembly 

8 )  Power c o n t r o l  subsystem 

3) VKF an tenna  

10) Accelerometer  t r i a d .  

I n  a d d i t i o n ,  t h e  c a b l i n g  w i l l  connect  e l e c t r i c a l l y  i n i t i a t e d  mechanism 

d e v i c e s  of  t h e  l o g i c / s e q u e n c e  c i r c u i t s .  The i n t e r c o n n e c t i n g  c a b l i n g  i s  s e p a r a t e d  

i n t o  s i x  c a t e g o r i e s  a s  d e f i n e d  i n  Tab le  3.5-1. These c a t e g o r i e s  a r e  p h y s i c a l l y  

s e p a r a t e d  i n t o  i n d i v i d u a l  h a r n e s s e s .  The h a r n e s s e s  a r e  p r e f a b r i c a t e d ,  r e p l a c e -  

a b l e  u n i t s  where p o s s i b l e  w i t h  a minimum of subca tegory  p r e f a b r i c a t e d  r e p l a c e -  

a b l e  h a r n e s s e s  . 
! ,  

/ 
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,) The Capsule  Bus p r o v i d e s  a p l a n e  a c r o s s  t h e  b a s e  t o  accommodate t h e  i n t e r -  

c o n n e c t i n g  w i r i n g  of  remote  i n s t r u m e n t s .  (Fig .  3 .5- 1 and 3 .5- 2) .  The e l e c t r o n i c s  

subsystem packages  a r e  so des igned t h a t  t h e  r e c e p t a c l e s  a r e  a c c e s s i b l e  t o  t h e  i n -  

t e r c o n n e c t i n g  p l u g s  on t h e  same p l a n e  a s  t h e  c a b l i n g  wherever  p r a c t i c a l .  

The sys tem i n t e r c o n n e c t i n g  c a b l i n g  subsystem h a s  a minimum of 4 i n .  s e p a r a t i o n  

main ta ined  between c a b l e s  of d i f f e r e n t  c a t e g o r i e s  whenever p r a c t i c a l .  Care  i s  

t a k e n  t o  r o u t e  s e n s i t i v e  c a b l e s  around r a d i a t i n g  e lements .  

A l l  e l e c t r i c a l  and e l e c t r o n i c  c i r c u i t r y  a r e  grounded i n  a manner t o  p r o v i d e  

adequa te  v o l t a g e  r e f e r e n c e s  w h i l e  p r e v e n t i n g  ground c u r r e n t s  from f lowing  and 

i n t e r a c t i n g  w i t h  o t h e r  c i r c u i t s .  To a c h i e v e  t h i s ,  a s i n g l e  path- to- ground sys tem 

(on ly  one p a t h  from any p o i n t  i n  a c i r c u i t  t o  g round) ,  i s  used th roughout  t h e  

sys tem t o  t h e  maximum e x t e n t  p r a c t i c a l .  

The OSE compr i ses  a Hughes a n a l y z e r  o r  e q u i v a l e n t  t h a t  can  p r o v i d e  c o n t i n u i t y  

and i n s u l a t i o n  r e s i s t a n c e  checks  of complex c a b l i n g .  

Sequence of O p e r a t i o n  F u n c t i o n s  - The a e r o s h e l l  d i s c o n n e c t  i s  mounted on b o l t /  

e x p l o s i v e - n u t  mated p l a t e s .  

The p h y s i c a l  s e p a r a t i o n  of  t h e  c o n n e c t o r  w i l l  be accompl ished by t h e  pul laway 

The n u t s  w i l l  be a c t u a t e d  by t h e  s e p a r a t i o n  s i g n a l .  

\ f o r c e  of  t h e  a e r o s h e l l .  T h i s  t e c h n i q u e  

of  t h e  s c i e n c e  i n s t r u m e n t s  i n  c a s e  of  a 

t e m .  

D e l i n e a t i o n  o f  Subsystem Boundar ies  

two p r i n c i p a l  l o c a t i o n s  as i n d i c a t e d  i n  

1) On t h e  Capsu le  Bus s t r u c t u r e  i n  

2) On t h e  a e r o s h e l l .  

I n  a d d i t i o n ,  an a c c e l e r o m e t e r  t r i a d  

L a b o r a t o r y .  

i s  used t o  e n s u r e  c o n t i n u e d  performance 

m a l f u n c t i o n  of  t h e  a e r o s h e l l  s t a g i n g  s y s -  

- The E n t r y  S c i e n c e  Package is mounted a t  

F i g .  3.5-1: 

t h e  4-X, -Y quadran t  

i s  i n s t a l l e d  j u s t  fo rward  o f  the S u r f a c e  

The e l e c t r i c a l  h a r n e s s e s  w i l l  be i n s t a l l e d  and suppor ted  a t  a p p r o p r i a t e  l o c a-  

t i o n s  i n  t h e  a e r o s h e l l  and l a n d i n g  s t a g e  s t r u c t u r e  f o r  t h e  r e q u i r e d  i n t e r c o n n e c t i o n  

o f  t h e  E n t r y  S c i e n c e  e lements .  

Hardware D e s c r i p t i o n  - Mechanical  - The c a b l e s  a r e  f a b r i c a t e d  t o  be i n s t a l l e d  

and removed a s  i n d i v i d u a l  e n t i t i e s .  The a r e  i n s t a l l e d  w i t h  adequa te  h a r n e s s  sup-  

p o r t  provided on t h e  s t r u c t u r e  t o  p r o t e c t  i n s u l a t i o n  from c o l d  f low and a b r a s i o n .  

S t r a i n  r e l i e f  i s  p rov ided  f o r  t h e  c a b l e  i n t e r c o n n e c t i o n s .  Maximum use  i s  made of  

e x i s t i n g  s t r u c t u r e  s e c t i o n s  t o  p r o v i d e  n a t u r a l  s h i e l d i n g  between conduc to r s .  
' ,  

i 
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To Entry Science 
Detection Equipment 
on Capsule Bus 

Disconnect 

Equipment on 
Aeros he 11 

Fig ,  3.5-1 Entry Science Cabling Lander Module, Looking A f t  

MAR r#N MA RIE-A C ORPORAT#ON 
D E N V E R  D I V I S I O N  



i 

FR-22-103 Vol IV Sect I 3.5-5 

c 
0 
.I4 
c, 
0 
a, 
U 
a, ra 

h 
I-( 
U 
C w 

WAR'TIN MARIE-A CORPORArION 
D E N V E R  D I V I S I O N  



3.5-6 FR-22-103 Vol I V  S e c t  I 

Harness  development i s  accomplished on a f u l l - s c a l e  t h r e e- d i m e n s i o n a l  d e t a i l e d  

moclcup s o  t h a t  a c t u a l  wire r u n s  a r e  used t o  a c h i e v e  optimum r o u t i n g .  These d e v e l -  

opment u n i t s  a r e  t h e n  used t o  e s t a b l i s h  t h r e e- d i m e n s i o n a l  t o o l i n g .  

Wire groups  a r e  des igned  t o  avo id  s t r a i n  d u r i n g  i n s t a l l a t i o n  and t e s t i n g  by 

p r o v i d i n g  f l e x i b i l i t y  i n  a l l  wi re  bund les  t h a t  a r e  ben t  o r  t w i s t e d  i n  normal use .  

A l l  wires w i l l  be s t r a n d e d  t o  e n s u r e  r e l i a b i l i t y  under  v i b r a t i o n  and hand l ing .  

The s m a l l e s t  conduc to r  used w i l l  be AWG 24. The c a b l e  subsystem c a n  be t o t a l l y  

o r  i n c r e m e n t a l l y  t e s t e d  b e f o r e  and a f t e r  i n s t a l l a t i o n .  Growth c a p a b i l i t y  i s  e s -  

t a b l i s h e d  by i n c l u d i n g  10% s p a r e  p i n s  on e a c h  c o n n e c t o r  l o c a t e d  on t h e  p e r i p h e r y  

f o r  e a s e  of a c c e s s .  The c o n n e c t o r s  a r e  mounted and used so t h a t  s t r a i g h t  and 

f r e e  engagement of  t h e  c o n t a c t s ' i s  e n s u r e d .  A l l  e l e c t r i c a l  c o n d u c t o r s  a r e  i n s u l a -  

t e d  t o  p r e v e n t  i n a d v e r t e n t  s h o r t  c i r c u i t s .  Connector b a c k s h e l l s  are  e l e c t r i c a l l y  

c o n d u c t i v e  and d i f f e r e n t l y  s i z e d  and /o r  keyed t o  p r e v e n t  mismating.  

and hardware used w i t h  o r  a s  a n  i n t e g r a l  p a r t  of  t h e  c a b l i n g  subsystem w i l l  be 

s e l e c t e d  from t h e  Approved P a r t s  L i s t .  

A l l  m a t e r i a l s  

The subsystem i s  des igned  t o  minimize s u s c e p t i b i l i t y  t o  i n t e r f e r e n c e  from 

e x t e r n a l  s o u r c e s  and minimize p r o p a g a t i o n  of  i n t e r f e r e n c e .  The subsystem compl ies  

w i t h  t h e  grounding,  s h i e l d i n g ,  and e l e c t r o m a g n e t i c  c o m p a t i b i l i t y  r e q u i r e m e n t s  of 

t h e  Voyager program. 

subsystem package l eve l  t h a t  a l l o w s  i n d i v i d u a l  c a t e g o r y  h a r n e s s e s .  T h i s  improves 

t h e  m a i n t a i n a b i l i t y  and rep lacement  c h a r a c t e r i s t i c s  of  t h e  c a b l i n g  subsystem. The 

e l e c t r i c a l  c a b l i n g  i s  des igned  t o  f u n c t i o n  i n  a l l  o p e r a t i n g  modes w i t h o u t  degrada-  

t i o n  t h r o u g h  t h e  e n t i r e  p r e s s u r e  r e g i o n  from sea  l e v e l  t o  vacuum. 

The c a b l i n g  b reakou t  p e r  c a t e g o r y  i s  accomplished a t  t h e  

The subsystem w i l l  no t  be a d v e r s e l y  a f f e c t e d  i n  t h e  s t e r i l i z a t i o n  and decon-  

t a m i n a t i o n  environments .  A l l  hardware w i l l  be s e l e c t e d  and q u a l i f i e d  t o  s a t i s f y  

t h e s e  r e q u i r e m e n t s .  The subsystem w i l l  a l s o  perform w i t h i n  a p p r o p r i a t e  margins  

when s u b j e c t e d  t o  env i ronmenta l  t e s t  r e q u i r e m e n t s  and induced environments .  

l i a b i l i t y  h a s  been ach ieved  p r i m a r i l y  by d e s i g n  s i m p l i c i t y  u s i n g  f l ight -demon-  

s t r a t e d  d e s i g n s  and c o n s e r v a t i v e  margins .  

Re- 

Weight - The c a b l i n g  subsystem f o r  t h e  E n t r y  S c i e n c e  Package weighs 1 2 . 1  l b .  

3 . 5 . 3  A n a l y s i s  o f  t h e  S e l e c t i o n  of t h e  P r e f e r r e d  C a b l i n g  Approach 

The f e a s i b i l i t y  of  u s i n g  f l a t  c a b l e  f o r  t h e  subsystem was s t u d i e d .  Because 

of t h e  requ i rement  t o  a c h i e v e  r e l i a b i l i t y  p r i m a r i l y  by d e s i g n  s i m p l i c i t y  and 

and f l i g h t - d e m o n s t r a t e d  t e c h n i q u e s  and d e s i g n s ,  t h e  use  of  f l a t  o r  r i b b o n  c a b l i n g  

i s  n o t  b e i n g  c o n s i d e r e d  f o r  t h e  Voyager program. 

l i m i t e d ,  p a r t i c u l a r l y  f o r  m o d i f i c a t i o n s ,  because  of  e n g i n e e r i n g  development 

Design f l e x i b i l i t y  would be 
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changes .  The q u a n t i t i e s  of s t a n d a r d  and nonstandard wire w i l l  b e . l i m i t e d .  The 

c o s t  of l i m i t e d  procurement would i n c u r  a s i g n i f i c a n t  c o s t  p e n a l t y .  Complete 

q u a l i f i c a t i o n  t e s t i n g  would be r e q u i r e d  on f l a t  o r  r i b b o n  c a b l i n g  and a s s o c i a t e d  

hardware. The q u a l i f i c a t i o n  requ i rements  f o r  s t r a n d e d  wire and a s s o c i a t e d  s t a n d -  

a r e  hardware a r e  l e s s  e x t e n s i v e .  S e v e r a l  f l a t  c a b l e  t e c h n i q u e s  a r e  q u e s t i o n a b l e  

f o r  t e c h n i c a l  a c c e p t a b i l i t y :  

FR-22-103 Vol IV Sec t  I 

4 

1) Termina t ion  t e c h n i q u e s ,  i . e . ,  c o n n e c t o r s ,  s p l i c i n g  t e c h n i q u e s  

2) 

F l a t  o r  r i b b o n  c a b l i n g  h a s  a d e f i n i t e  advantage a t  a h inge o r  s e p a r a t i o n  

i n t e r f a c e  where e l e c t r i c a l  i n t e g r i t y  i s  t o  be main ta ined .  I f  an  a r e a  o f  d e s i g n  

S h i e l d i n g  t e c h n i q u e s  and a v a i l a b i l i t y  of adequa te  m a t e r i a l s .  

shows t h e  need,  t h e  f l a t  o r  r i b b o n  c a b l e  t e c h n i q u e  w i l l  be c o n s i d e r e d  and e v a l u-  

a t e d  f o r  t h e  s p e c i f i c  a p p l i c a t i o n .  

The r e p l a c e a b i l i t y  concep t  a t  t h e  c a t e g o r y  l e v e l  w i l l  be adhered t o  wherever 

p r a c t i c a l .  The advantage of t h i s  approach i s  t h a t  t h e  h a r n e s s  can  be p r e f a b r i -  

c a t e d  and t e s t e d  b e f o r e  i n s t a l l a t i o n .  The h a r n e s s  can be removed and r e p l a c e d  

w i t h o u t  v i o l a t i n g  t h e  i n t e g r i t y  of any of t h e  o t h e r  h a r n e s s e s  w i t h i n  t h e  sub- 

system. 
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I ) 3 . 6  E n t r y  Sc ience  Package Power Subsystem 

The s p e c i f i e d  and d e r i v e d  f u n c t i o n a l ,  d e s i g n ,  and i n t e r f a c e  r e q u i r e m e n t s  o f  

major  s i g n i f i c a n c e  are summarized i n  T a b l e  3.6-1.  

T a b l e  3 .6- 1  E n t r y  Sc ience  Package Power Subsystem Requirements  
and C o n s t r a i n t s  

F u n c t i o n  & Design Requirements  
& C o n s t r a i n t s  

P rov ide  d i s t r i b u t i o n  and c o n t r o l  o f  
d c  power t o  a l l  ESP l o a d s  

Wi ths tand  t e m p e r a t u r e s  encoun te red  
i n  s t e r i l i z a t i o n  

Meet env i ronmenta l  extremes en- 
c o u n t e r e d  from launch  th rough  l and-  
i ng 

I n c l u d e  o n l y  proven s t a t e - o f - t h e -  
a r t  components and t e c h n i q u e s  

Demonstrate complete  t e s t a b i l i t y  
b e f o r e  b e i n g  committed t o  l aunch  

B e  s u b j e c t  t o  no s i n g l e  f a i l u r e  
t h a t  can  r e s u l t  i n  m i s s i o n  f a i l u r e  

3 . 6 . 1  P r e f e r r e d  P r e l i m i n a r y  Design 

3 . 6 . 1 . 1  Subsystem D e f i n i t i o n s  

3 .6 .1 .1 .1  Subsystem D e s c r i p t i o n  

ESP-to-C/B I n t e r f a c e  Requirements  
& C o n s t r a i n t s  

E l e c t r i c a l  i n t e r f a c e  t o  be  a con- 
n e c t o r  on a s t r u c t u r a l  f i e l d  j o i n t  

Power and s h o r t  c i r c u i t  p r o t e c t i o n  
f o r  a l l  ESP equipment o p e r a t i o n  t o  
be  s u p p l i e d  by C/B power subsystem 
w i t h o u t  u s e  o f  f u s e s  

Power f o r  v i d i c o n  warmup d u r i n g  
i n t e r p l a n e t a r y  c r u i s e  

The E n t r y  Sc ience  Package power subsystem u s e s  28 v o l t  (nominal)  dc  power 

s u p p l i e d  by redundan t  f e e d e r s  from t h e  Capsu le  Bus (C/B) power subsystem.  Dur- 

i n g  the c r u i s e  phase ,  t h e  Capsule  B u s  equipment v o l t a g e  r e g u l a t o r s  p r o v i d e  power 

th rough  t h e  Capsu le  Bus  l o a d  c o n t r o l  assembly t o  t h e  ESP power d i s t r i b u t i o n  as- 

sembly.  T h i s  power i s  s u p p l i e d  t o  t h e  TV v i d i c o n  h e a t e r s  f o r  5 min e v e r y  30 d a y s .  

During d e b o r b i t ,  power f o r  t h e  ESP i s  supp ied  by h e a t  s t e r i l i z a b l e  s i l v e r - z i n c  

b a t t e r i e s  i n  t h e  Capsule  Bus th rough  the power t r a n s f e r  s w i t c h  and the  C / B  l o a d  

c o n t r o l  a s sembly  t o  t h e  ESP power d i s t r i b u t i o n  assembly .  

shown i n  F i g .  3.6-1.  

A b l o c k  diagram i s  

The d i o d e  i s o l a t i o n  assembly p r e v e n t s  the l o s s  o f  power i n  c a s e  a s i n g l e  

f a i l u r e  o c c u r s  i n  a f e e d e r  t o  t h e  E n t r y  Sc ience  Package.  The l o a d  c o n t r o l  as- 

sembly p r o v i d e s  f a u l t  p r o t e c t i o n  f o r  t h e  power bus  and c o n t r o l s  t h e  f low o f  power 

t o  a l l  ESP equipment .  
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A ground bus i s  used f o r  a l l  i n s e n s i t i v e  equipment, and a s ing le- po in t  ground 

i n  t h e  Capsule Bus f o r  c r i t i c a l  loads .  This  grounding method, shown i n  Fig.  3.6-2 

combines the advantages of reduced ground bus weight w i t h  the  low common impedance 

of t he  s ing le- po in t  ground. The r e fe rence  t o  s t r u c t u r e  i s  through a r e s i s t o r  w i th  

a r a d i o  frequency bypass capac i to r  i s o l a t i o n  network. Thus a f a u l t  of t h e  p o s i t i v e  

bus- to- s t ruc tu re  pa th  r e s u l t s  i n  no loss of the  system o r  a load.  

3.6.1.1.2 Performance Parameters 

The Capsule Bus b a t t e r i e s  supply a l l  of the  power needed i n  the  Entry Science 

Package from approximately 30 min before  the  v e h i c l e  reaches 800,000-ft a l t i t u d e  

u n t i l  2 min a f t e r  i t  lands .  A d e t a i l e d  sequence of events  f o r  t h e  Entry Science 

Package i s  shown i n  F ig .  2.2-3. The t o t a l  energy requi red  i s  61 wa t t - h r ,  based 

on a descent  w i t h i n  the  VM-2 atmosphere, whi le  the  maximum load i s  296 w and the  

minimum 62 w .  The equipment on-time and power requi red  a r e  l i s t e d  i n  Table 3.6-2. 

Figure 3.6-3 i s  a p l o t  showing the  p r o f i l e  of  loads f o r  t he  Entry Science Package. 

Power Q u a l i t y  - Voltage l i m i t s  f o r  t he  Entry Science Package power subsystem 

a r e  based on those f o r  the Capsule Bus. When the  Entry Science Package r e q u i r e s  

power, the minimum and maximum vo l t age  suppl ied t o  i t s  loads  are 2 3  and 32 V. 

Trans ien t  l i m i t s  of 20 t o  35 vdc a r e  set 3-v below and above t h e  minimum and 

maximum bus l i m i t s .  P a s t  experience has shown t h a t  the  3-v l i m i t  can be maintained 

wi th  proper t r a n s i e n t  suppression i n  the  loads .  

Noise and r i p p l e  l i m i t s  a r e  s p e c i f i e d  as a maximum of 2 v peak, of which no 

more than 1.0 v peak i s  t o  be generated by ground equipment o r  t he  Capsule Bus 

vo l t age  r e g u l a t o r s  (as a p p l i c a b l e )  nor more than 1.0 v peak by the  Entry Science 

Package loads .  These l i m i t s  can be met w i th  reasonable f i l t e r  requirements .  

Performance Margin - The vo l t age  l i m i t s  on the  bus are 23 to 32 vdc. The lower 

l i m i t  was determined by al lowing a 3-v d i f f e r e n c e  between the  Capsule Bus b a t t e r y  

minimum vo l t age  and the  Entry Science Package bus minimum vol tage  a t  maximum load.  

This  allows f o r  a 1-v drop each through the diode i s o l a t i o n  assemblies  i n  the 

Capsule Bus and Entry Science Package, approximately a 0.5 v loss i n  the wire and 

c o n t a c t s ,  and a 0.5 v margin. The upper l i m i t  i s  based on a maximum Capsule Bus 

b a t t e r y  vol tage  of 33 v when the Ent ry  Science Package r equ i r e s  power. 

a l lowing f o r  l o s s e s  of 1 v t o t a l  i n  diode i s o l a t i o n  assemblies  a t  the  minimum 

load and 0.25 v f o r  w i r e  and con tac t  l o s s e s ,  the  maximum vol tage  a t  t he  te rmina ls  

of the  Entry Science Package loads i s  31.75 v .  This provides 0.25 v margin. 

Thus 
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Table 3.6-2 Entry Science Package Power Subsystem Equipment 
Operating Times and Loads 

Equipment 

Dual transmitter - ESP 
SDS control unit 

SDS storage unit 

Signal conditioning unit 

Signal conditioning unit - aeroshell 

Accelerometer triad 

Stagnation pressure sensors 

Aeroshell total temperature sensor 

Quadrapole mass spectrometer - entry 
Quadrapole mass spectrometer - TD&L 

Television electronics unit 

Television camera unit - entry 

Television camera unit - TDSrL 

Total pressure sensor 

Humidity sensor 

Total temperature sensors 

Subtotal 

Losses (wiring & diode) 

Time 
(min) 

4.8 

40.3 

40.3 

40.3 

36.7 

40.3 

36.7 

36.7 

36.7 

40.3  

9.3 

5.7 

9.3 

40.3 

40.3 

40.3 

- 

- 

Load 
(w 1 

2 00 

9 

4 

11.5 

3.5 

5 

1.4 

1 

6.0 

14 .O 

14 .O 

2 

3 

1 

1 

1 

Energy 
(watt-hr) 

16 .O 

6 .O 

2.7 

7.7 

2.1 

3.4 

0.9 

0.7 

2 .I 

9.4 

2 .2  

0.2 

0.5 

0.7 

0.7 

0.7 

56 .O 

5 .O 

6 1  .O 

3.6-5 
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Subsystem R e l i a b i l i t y  - Table  3.6- 3  summarizes r e l i a b i l i t y  f o r  t h e  ESP power 

The p r e d i c t i o n ,  based on p a s t  and p r e s e n t  f a i l u r e  rate d a t a ,  i n c l u d e s  subsystem. 

a l l  phases  of  t h e  ESP m i s s i o n  from p r e l a u n c h  through m i s s i o n  complete (touchdown 

p l u s  2 min, 4 s e c ) .  Taking i n t o  account  b o t h  o p e r a t i n g  and nonopera t ing  p e r i o d s  

o f  each component i n  t h e  p r e f e r r e d  c o n f i g u r a t i o n  ( F i g .  3 .6- 1 )  i t  i n c l u d e s  t h e  

d i o d e  i s o l a t i o n  assembly and load  c o n t r o l  assembly,  

a r e  based on e s t i m a t e s  o f  p o t e n t i a l  s t a t e - o f - t h e - a r t  improvements o r  s e t b a c k s  

encountered d u r i n g  t h e  development o f  s t e r i l i z a b l e  components. 

The upper and lower bounds 

Tab le  3.6-3 ESP Power Subsystem R e l i a b i l i t y  
Summary 

A l l o c a t i o n  

Mean P r e d i c t i o n  

U p p e r  Bound P r e d i c t i o n  

A f a i l u r e  modes, e f f e c t s ,  and c r i t i c a l i t y  a n a l y s i s  (FMECA) o f  t h e  E n t r y  

Sc ience  Package power subsystem h a s  been performed. For each c i r c u i t  e lement  

w i t h  a f a i l u r e  mode t h a t  l e a d s  t o  complete loss  o f  t h e  E n t r y  Sc ience  Package 

power subsystem o r  l o s s  o f  a l l  d a t a  ( C r i t i c a l i t y  I f a i l u r e s ) ,  c o r r e c t i v e  a c t i o n  

( c o o p e r a t i v e  m u l t i c h a n n e l  redundancy o r  t h e  u s e  o f  spec ia l  packaging p r o v i s i o n s )  

has  been t a k e n  as summarized i n  Table  3 .6 -4 .  

Table  3.6-4 FMECA Summary o f  C r i t i c a l i t y  I Fa 

oad r e s u l t s  i n  10s 

a s  s emb 1 y s u l t i n g  i n  l o s s  o f  a l l  d a t a  

Bus t o  ESP load  c o n t r o l  b u t i o n  f e e d e r  causes  l o s s  
a s s  emb l y  

S t e r i l i z a t i o n  - C i r c u i t  d e s i g n  i s  l i m i t e d  t o  t h e  u s e  o f  

t h e  approved l i s t  o f  s t e r i l i z a b l e  p i e c e - p a r t s .  

. u res  

Ac t ion  

P a r a l l e l  s w i t c h e s  a r e  
used f o r  a l l  c r i t i c a l  
l o a d s  

F a i l u r e  minimized by 
u s e  of p h y s i c a l  p ro-  
t e c t i o n .  A l l  a s s o c i -  
a t e d  components and 
w i r i n g  a r e  i n  same 
as s emb 1 y 

P a r a l l e l ,  r edundan t ,  
d i o d e - i s o l a t e d  f e e d e r s  
used t o  d i s t r i b u t e  
Dower from C / B  t o  ESP 

.terns c a t a l o g e d  i n  

T I 0  
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3.6.1.2 Phys ica l  C h a r a c t e r i s t i c s  

3.6.1.2 .l Hardware Descr ip t ion  

FR-22-103 Vol IV Sect  I 

The Ent ry  Science Package power d i s t r i b u t i o n  assembly con ta ins  a diode i s o l a -  

t i o n  assembly and a load c o n t r o l  assembly. The diode i s o l a t i o n  assembly con ta ins  

two 35-amp stud-mounted diodes t h a t  i s o l a t e  each redundant Capsule Bus- to-Entry 

Science Package power feeder  i n  the event  of a f a u l t  i n  e i t h e r  f eede r .  The load 

c o n t r o l  assembly c o n s i s t s  of approximately 16 4PDT magnetic l a t c h i n g  r e l a y s  w i t h  

con tac t  c u r r e n t  r a t i n g s  of 2 o r  10 amp t h a t  supply power t o  each load on r e c e i p t  

of  a momentary d i s c r e t e  s i g n a l  from the  sc ience  d a t a  subsystem. These r e l a y s  a r e  

a l s o  used as f a u l t  p r o t e c t i o n  devices  i n  t h a t  a f a u l t  sensed by a c u r r e n t  winding 

a s s o c i a t e d  wi th  a p a r t i c u l a r  load feeder  t r i g g e r s  an  e l e c t r o n i c  switch t h a t  t r a n s -  

f e r s  (opens) t he  r e l a y  a s soc i a t ed  wi th  t h a t  f eede r .  A t y p i c a l  f a u l t  p r o t e c t i o n  

c i r c u i t  i s  depic ted  i n  F ig .  3.6-4. 

I n  the  ope ra t ion  of the  f a u l t  p r o t e c t i o n  c i r c u i t ,  the  load c o n t r o l  r e l a y  i s  

energized,  c lo s ing  the  r e l a y  con tac t  and supplying power through a load c u r r e n t  

sensing c o i l  t o  the  load ,  The c o i l  i s  wound through a d c  t ransformer,  a magnetic 

device  t h a t  ope ra t e s  on the  equal  ampere t u r n  p r i n c i p l e ,  

i n  oppos i t ion ,  cance l ing  t h e  fundamental and a l l  odd harmonics and providing two 

output  pu lses  per cyc l e ,  which a r e  p ropor t iona l  t o  the  load c u r r e n t .  

age pulses  a r e  suppl ied  t o  t he  r e l a y  d r i v e r  c i r c u i t ,  which remains o f f  u n t i l  t he  

predetermined threshold  i s  reached.  

d r i v e r  i n  t he  o f f - s t a t e  a t  normal load c u r r e n t  p lus  a s a f e t y  f a c t o r .  A f a u l t  on 

the  load s i d e  of t he  c u r r e n t  sensor  causes an inc rease  i n  threshold  vo l t age ,  

t r i g g e r i n g  the r e l a y  d r i v e r  and deenerg iz ing  t h e  a s soc i a t ed  r e l a y .  

r e n t  then  d iminishes ,  reducing t h e  threshold  vo l t age  and tu rn ing  o f f  t he  r e l a y  

The ac windings are wound 

3 
These v o l t -  

The threshold  c i r c u i t  main ta ins  the  r e l a y  

The load cu r-  

d r i v e r .  

The r e l a y s  r e q u i r e  50-ma, 50-ms pulses  f o r  t r a n s f e r .  S imi la r  p a r t s  a r e  on 

t h e  JPL/NASA approved p a r t s  l i s t .  

MARTIN MARIEVA CORPORATION 
D E N V E R  D I V I S I O N  



FR-22-103 Vol IV Sect I 3 -6-9 

aJ 
c) 

I 
I 
I 
I 
I 
I 
I 

MARTEN MA E E 7 7 A  CORPORA 
D E N V E R  D I V I S I O N  



3.6-10 FR-22-103 Vol I V  S e c t  I 

3.6.1.2.2 Weight and Volume 

These p h y s i c a l  c h a r a c t e r i s t i c s  f o r  t h e  E n t r y  Sc ience  Package power subsystem 

a r e  summarized i n  Tab le  3.6-5. 

a t i o n  assembly 
ad c o n t r o l  assembly 

3.6.1.3 D e s c r i p t i o n  of I n t e r f a c e s  

The s c i e n c e  d a t a  subsystem t o  power subsystem i n t e r f a c e  i n  t h e  E n t r y  Sc ience  

Package i n v o l v e s  two d i s c r e t e  s i g n a l s :  

exper iments  and t u r n  o n l t u r n  o f f  TV cameras and UHF t r a n s m i t t e r s .  

t u r n  o n l t u r n  o f f  s c i e n c e  measurements and 

The Ent ry  Sc ience  Package power subsystem i n t e r f a c e s  w i t h  t h e  Capsu le  Bus t o  

o b t a i n  d c  power from t h e  Capsule  Bus equipment b a t t e r i e s .  T h i s  power i s  s u p p l i e d  

through two i s o l a t e d ,  r edundan t ,  f a u l t - p r o t e c t e d  f e e d e r s  t o  t h e  En t ry  Science 

Package load c o n t r o l  assembly.  

Outputs  from t h e  Ent ry  Sc ience  Package power subsystem a r e  nominal 28-v d c  

redundant  f e e d e r s  (where n e c e s s a r y  t o  p r e v e n t  C r i t i c a l i t y  I f a i l u r e s )  t o  l o a d s  

i n  t h e  e n t r y  s c i e n c e  subsystem, t h e  RF communications subsystem, and t h e  pyro- 

t e c h n i c  subsystem. 

The Ent ry  Sc ience  Package power subsystem i n t e r f a c e s  w i t h  t h e  s c i e n c e  data  

subsystem t o  p rov ide  e n g i n e e r i n g  measurements o f  equipment bus  v o l t a g e  and equ ip-  

ment bus c u r r e n t .  

3.6.1.4 S t a n d a r d i z a t i o n  

The Ent ry  Sc ience  Package w i l l  b e  used o n l y  i n  t h e  e a r l y  m i s s i o n s .  For t h i s  

r e a s o n  and because  o f  t h e  s i m p l i c i t y  o f  t h e  power subsystem, t h e  E n t r y  Sc ience  

Package power subsystem i s  n o t  s t a n d a r d i z e d  f o r  t h e  decade ,  Changes can b e  ac- 

commodated by adding load c o n t r o l  r e l a y s  and f a u l t  p r o t e c t i o n  c i r c u i t s  t o  t h e  

ESP power d i s t r i b u t i o n  assembly.  

3.6.2 Ana lys i s  o f  t h e  S e l e c t i o n  of t h e  P r e f e r r e d  Approach & I d e n t i f i c a t i o n  of 

A l t e r n a t i v e s  Considered ( R a t i o n a l e )  

Because t h e  En t ry  Sc ience  Package power requ i rements  are on ly  3.4% of t h o s e  

f o r  t h e  Capsule  Bus, on ly  a 1 amp-hr c a p a c i t y  i n c r e a s e  i n  each Capsule  Bus b a t t e r y  

i s  n e c e s s a r y  t o  accommodate t h e  E n t r y  Sc ience  Package l o a d s .  

En t ry  Science Package b a t t e r i e s  a l s o  s i m p l i f i e s  t h e  w i r i n g  i n t e r f a c e  between 

D e l e t i o n  of t h e  
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the  Capsule Bus and Entry Science Package by e l imina t ing  the need f o r  46 wires  €or  

charge monitor ing and approximately 1 2  w i re s  f o r  b a t t e r y  chargers ,  vo l t age  r egu la-  

t o r s ,  and power t r a n s f e r  switches.  Use of the  Capsule Bus b a t t e r y  power r e q u i r e s  

only two wi re s  ac ros s  t he  i n t e r f a c e .  Two redundant,  f au l t - p ro t ec t ed  f eede r s  

supply Capsule Bus power t o  t he  Entry Science Package t o  a s su re  100% redundancy 

f o r  t he  Entry Science Package power subsystem. By d e l e t i n g  the  Entry Science 

Package b a t t e r i e s  and t h e i r  a s soc i a t ed  equipment, a 41-lb weight saving i s  real- 

ized.  

3.6.2.1 Capsu le  Bus Adapter Voltage R e m l a t o r s  

* )  

Voltage r e g u l a t o r s  a r e  provided i n  the  Capsule Bus adapter  t o  supply power t o  

the  Entry Science Package, v i a  t he  Capsule Bus power subsystem) f o r  TV v id icon  

warmup once each month dur ing  i n t e r p l a n e t a r y  c r u i s e .  To reduce the landed weight ,  

t he  r e g u l a t o r s  a r e  loca ted  i n  t h e  adapter  and s t a y  w i t h  the  Spacecraf t  a f t e r  sepa- 

ra t ion .  

Bus load c o n t r o l  assembly, thus e l imina t ing  the need t o  switch from one t o  the  

o t h e r .  

Bus s t ag ing  i n t e r f a c e  i s  i s o l a t e d  from the  Entry Science Package power subsystem. 

3.6.2.2 Power Condit ioning and D i s t r i b u t i o n  

They ope ra t e  i n  pa r a l l e l  and are d iode- iso la ted  a t  t h e  input  t o  t h e  Capsule 

A s h o r t  i n  e i t h e r  r e g u l a t o r  o r  i n  the  wir ing  ac ros s  the AdapterICapsule 

’) 
As a r e s u l t  of a t r a d e  s tudy of power condi t ion ing  and d i s t r i b u t i o n  (Subsec- 

t i o n  3.6.3) ,  the  fol lowing dec i s ions  were made: 

G r o u n d i n g  - For the Entry Science Package grounding t o  be compatible wi th  

t h a t  of the  Capsule Bus a s ing le- po in t  ground i s  recommended. The Entry Science 

Package grounds are re turned  t o  the  C a p s u l e  Bus s ing le- po in t  ground which i s  

i s o l a t e d  from s t r u c t u r e  by a r e s i s t o r - c a p a c i t o r  assembly as shown i n  F ig .  3.6-2. 

DC versus  ac D i s t r i b u t i o n  - A dc  power d i s t r i b u t i o n  system i s  recommended 

f o r  the  Capsule Bus and Entry Science Package. Because of the no - s ing le - f a i lu re -  

mode c r i t e r i o n ,  ac  d i s t r i b u t i o n  i n  the  Entry Science Package would r e q u i r e  two 

i n v e r t e r s  wi th  switchover c a p a b i l i t y  and f a u l t  p ro t ec t ion .  The ac system then 

becomes 16 l b  heavier  and more complex than a s t r a i g h t  dc  d i s t r i b u t i o n  system. 

I n  a d d i t i o n )  t he  dc  system advantages include:  

1) B e t t e r  e f f i c i e n c y ,  and t h e r e f o r e  lower power system l o s s e s  

2 )  Conversion w i t h i n  load equipment i s o l a t e s  loads  from each o the r ,  reducing 

i n t e r a c t i o n  e f f e c t s ,  and r e s u l t s  i n  l e s s  e f f e c t  on the power subsystem 

because of load changes dur ing  des ign .  

3) Be t t e r  o v e r a l l  system r e l i a b i l i t y  by e l imina t ing  switching between i n -  

v e r t e r s  
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4 )  B e t t e r  e lec t romagnet ic  i n t e r f e r e n c e  (EMI) c h a r a c t e r i s t i c s ,  (Square wave 

ac con ta ins  low-frequency harmonics and i s  d i f f i c u l t  t o  sh i e ld ) .  

DC Bus Regulat ion o r  Cen t r a l  Conversion - The unregulated d c  vo l t age  a t  the  

Ent ry  Science Package equipment te rmina ls  i s  expected t o  be between 23 and 32 v, 

For equipment r e q u i r i n g  t i g h t e r  vo l t age  r e g u l a t i o n  and/or o t h e r  vo l t ages ,  a r eg-  

u l a t o r  o r  conver te r  can be provided e i t h e r  c e n t r a l l y  o r  w i t h i n  each subsystem 

load ,  The d i s t r i b u t i o n  of raw b a t t e r y  vo l t age  and the  use  of t i g h t  r e g u l a t i o n  

w i t h i n  loads i s  recommended. Because of the  no- single- fai lure-mode c r i t e r i o n ,  

a c e n t r a l  dc conversion system i n  the  Entry Science Package would r e q u i r e  two 

conver te rs  w i th  switchover c a p a b i l i t y  and f a u l t  p ro t ec t ion .  

i s  used,  b i a s  v o l t a g e s  and a l l  r egu la t ed  vo l t ages  can be provided from i t .  

system would then become 64 l b  heav ie r  than  an unregulated dc  system and much 

more complex. 

would r e q u i r e  an  a d d i t i o n a l  phase of conversion.  

Addi t iona l  advantages of t he  unregulated dc  system include:  

I f  c e n t r a l  conversion 

This  

Some in t e r im  l e v e l  of r e g u l a t i o n  could be provided; however, t h i s  

Therefore i t  i s  no t  recommended. 

1) Amore n e a r l y  optimum power supply des ign  can be t a i l o r e d  t o  each blackbox 

load,  thereby inc reas ing  i n d i v i d u a l  load e f f i c i e n c y  and reducing system 

power l o s s e s  

2 )  Conversion w i t h i n  load equipment i s o l a t e s  loads from each o t h e r  and r e -  

duces i n t e r a c t i o n  e f f e c t s ,  thus  r e s u l t i n g  i n  l e s s  e f f e c t  on the  power 

system because of load changes dur ing  des ign  

3 )  Be t t e r  o v e r a l l  system r e l i a b i l i t y  by e l imina t ing  switching between con- 

v e r  t e r s  

4 )  Only l imi t ed  d e f i n i t i o n  i s  needed f o r  s i n g l e  ope ra t ing  vo l t age ,  l eav ing  

d e t a i l e d  des ign  and d e c i s i o n s  t o  t he  equipment des igne r s  

Design changes n e c e s s i t a t e d  by i n t e r n a l  blackbox c i r c u i t  changes a r e  more 

e a s i l y  made and des ign  more nea r ly  optimized t o  meet load requirements .  

5) 

3.6.3 Summary of Subsystem Analysis  and Trade S tudies  

Trade Study Report ED-22 -6-26, (Power Condit ioning and D i s t r i b u t i o n  Choices) 

p re sen t s  t he  ana lyses  performed i n  determining t h e  type of grounding system, type 

and q u a l i t y  of power, and type of f a u l t  p r o t e c t i o n  t o  be used i n  the  Voyager F l i g h t  

Capsule.  It r e s u l t e d  i n  t he  s e l e c t i o n  of a conf igu ra t ion  c o n s i s t i n g  of an unregu- 

l a t e d  ( b a t t e r y )  d c  power system, a grounding system i s o l a t e d  from s t r u c t u r e  w i th  

i n d i v i d u a l  r e t u r n  l eads  and a common r e t u r n ,  and p ro t ec t ion  from load f a u l t s  us ing  

e l e c t r o n i c  f a u l t  sens ing .  Both t h e  s e l e c t e d  conf igu ra t ion  and the  a l t e r n a t i v e s  

a r e  d iscussed  i n  the  fol lowing subsec t ions .  
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) 3.6.3.1 Grounding 

I n  the  gounding system s e l e c t e d ,  shown i n  Fig.  2.6-3, nonsens i t i ve  equipment 

i s  connected t o  a common r e t u r n  and s e n s i t i v e  equipment t o  t h e  source w i t h  i n -  

d i v i d u a l  r e t u r n  l eads ,  These r e t u r n  leads  are  i s o l a t e d  from s t r u c t u r e  through a 

h igh  impedance. 

and nonsens i t i ve  equipment t o  be grounded w i t h  maximum weight  savings wh i l e  pro-  

t e c t i n g  the  p o s i t i v e  bus a g a i n s t  s h o r t s  t o  s t r u c t u r e .  

This  r e s u l t s  i n  a grounding system t h a t  a l lows both s e n s i t i v e  

A l t e r n a t i v e s  considered 

were: 

1) 

2) 

I 3)  

4 )  

5 )  

A grounding system t h a t  used t h e  v e h i c l e  s t r u c t u r e  ( sk in)  as the  r e t u r n  

conductor t o  t he  power source f o r  each load was e l imina ted  because the  

v e h i c l e  s k i n  would be too t h i n  f o r  good conduction, and a l s o  because s k i n  

co r ros ion  a t  bounding po in t s  would c r e a t e  a v a r i a b l e  common impedance 

A system c o n s i s t i n g  of a l l  nega t ive  r e t u r n s  from t h e  loads w i t h i n  a 

s p e c i f i c  power system i n d i v i d u a l l y  connected t o  one common s t r u c t u r e  

ground po in t  has a cons iderable  weight disadvantage i n  t he  each load 

r e q u i r e s  two w i r e s ,  one f o r  the  p o s i t i v e  bus and one f o r  t h e  nega t ive  

r e  t u r n  

A system t h a t  would use  a s i n g l e  s t r u c t u r e  ground po in t  t o  which a l a r g e -  

gage conductor would be connected o f f e r s  a weight  saving over t h e  p re-  

ceding system, b u t  p re sen t s  a h ighe r  common impedance and compounds 

c i r c u i t  i n t e r a c t i o n  

A combination of  t h e  two preceding systems i n  which the  s e n s i t i v e  loads 

would be connected t o  a s ing le- po in t  ground was e l imina ted  beacuse a 

s h o r t  of t he  p o s i t i v e  bus- to- s t ruc tu re  would r e s u l t  i n  loss of t h e  e n t i r e  

power system 

A system i n  which a h igh  impedance would be connected between the nega- 

t i v e  ground po in t  and S t r u c t u r e  and a capac i to r  connected i n  p a r a l l e l  

w i t h  t he  r e s i s t o r  t o  reduce EM1 by bypassing any RF c u r r e n t s  p re sen t  t o  

ground r a t h e r  than  l e t t i n g  then flow through the  r e s i s t o r  w i t h  a r e s u l t a n t  

l i m i t a t i o n  on t h e  c u r r e n t  flow i n  case  of a p o s i t i v e  bus- to- s t ruc tu re  

s h o r t .  

3.6.3.2 DC Versus AC D i s t r i b u t i o n  

A comparison of the  ac and d c  d i s t r i b u t i o n  systems r e s u l t s  i n  t he  s e l e c t i o n  

of t he  l a t t e r .  Because of the  no- single- fai lure-mode c r i t e r i o n ,  ac d i s t r i b u t i o n  
* \  

i would r e q u i r e  two i n v e r t e r s  i n  t h e  Entry Science Package wi th  switchover capab i l -  

i t y  and f a u l t  p ro t ec t ion .  This  system then becomes 16 pounds heav ie r  and more 

complex than the  d c  d i s t r i b u t i o n  system shown i n  F ig .  3.6-2. 
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The a c  d i s t r i b u t i o n  system con ta ins  a main s t a t i c  i n v e r t e r ,  a standby i n v e r t e r ,  

a f a i l u r e  sensor ,  and a load c o n t r o l  assembly wi th  f a u l t  p r o t e c t i o n  and ind iv idua l  

transformer-rectifier-filters a t  each load ~ 

i n v e r t e r  i s  assumed t o  determine the  e f f e c t  on the t o t a l  weight of the system. 

Addit ional  advantages of the d c  d i s t r i b u t i o n  system are :  

A 1%-regulated , 90.2% e f f i c i e n t  

1) Greater e f f i c i e n c y  s i n c e  it has components w i t h  lower l o s s e s  i n  s e r i e s  w i t h  

the  loads ,  whereas ac  i n v e r t e r s  a r e  designed f o r  some r a t e d  load and be- 

come l e s s  e f f i c i e n t  as  t h e  load v a r i e s  

2 )  Ind iv idua l  conver te rs  a t  each load i s o l a t e  t he  loads from each o the r  and 

reduce i n t e r a c t i o n  e f f e c t s  and the impact on the power system caused by 

adding and d e l e t i n g  loads dur ing  the  des ign  phase 

3 )  Ind iv idua l  conver te rs  a t  each load can be optimized f o r  t h a t  load,  r e s u l t -  

ing  i n  g r e a t e r  i nd iv idua l  load e f f i c i e n c y  and lower system power l o s s e s  

4 )  Overal l  system r e l a i b i l i t y  i s  g r e a t e r  s i n c e  switching between i n v e r t e r s  

i s  el iminated 

5)  More favorable  e lec t romagnet ic  i n t e r f e r e n c e  c h a r a c t e r i s t i c s  (Problems 

of ac  coupling t o  the dc  l i n e s  and s h i e l d i n g  of harmonics from ac system 

i s  el iminated .) 

3.6.3.3 DC Bus Regulat ion o r  Cen t r a l  Conversion 

A choice e x i s t s  of  providing a r e g u l a t o r  o r  conver te r  e i t h e r  c e n t r a l l y  i n  t he  

Entry Science Package o r  w i t h i n  each subsystem load .  

b a t t e r y  vol tage  and the  use of t i g h t  r e g u l a t i o n  w i t h i n  the  loads i s  recommended, 

Because of the  no-single-fai lure-mode c r i t e r i o n ,  a c e n t r a l  dc  conversion 

system would r e q u i r e  two conver te rs  w i t h  switchover c a p a b i l i t y  and f a u l t  p ro t ec-  

t i o n .  I f  c e n t r a l  conversion i s  t o  be used, then  b i a s  vo l t ages  and a l l  regula ted  

vo l t ages  could be provided from i t .  This  system then becomes 6 4  pounds heavier  

than an unregulated dc  system and i s  much more complex, 

The d i s t r i b u t i o n  of raw 

For weight comparison purposes,  an 86.3% e f f i c i e n t ,  m u l t i p l e  dc  vol tage  ou t-  

pu t ,  cen t r a l i zed  conve r t e r ,  w i t h  a r egu la t ion  range of 0.1 t o  1.0% was assumed. 

3.6.3.4 Fau l t  P ro t ec t ion  and Cen t r a l  Switching 

A system using e l e c t r o n i c  f a u l t  sens ing  i n  conjunct ion w i t h  c e n t r a l  load con- 

t r o l  i s  recommended. The c o n s t r a i n t s  t h a t ,  "No s i n g l e  f a i l u r e  mode s h a l l  cause 

a c a t a s t r o p h i c  e f f e c t  on the  mission" and, "Short c i r c u i t  p r o t e c t i o n  of t h e  Capsule 

Bus power suppl ied t o  t he  Surface Laboratory and Entry Science Package s h a l l  be 

provided by the Capsule Bus,'' make some form of f a u l t  p ro t ec t ion  necessary.  1 
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A t r a d e  s tudy was made, be fo re  t h e  l a t t e r  c o n s t r a i n t  was included i n  the  r e -  ‘ j  
quirements and c o n s t r a i n t s  document, which compared unprotected f eede r s  t o  r e -  

dundant f eede r s  w i t h  overload switches and e l e c t r o n i c  f a u l t  p ro t ec t ion .  Unpro- 

t ec t ed  f eede r s  were no t  recommended, s ince  the  f a i l u r e  mode a n a l y s i s  showed t h a t  

an  e n t i r e  capsule  could be l o s t  from a s i n g l e  bus f a u l t .  Fuses and c i r c u i t  b reakers  

a r e  too u n r e l i a b l e ,  they cannot be checked out  ( p a r t i c u l a r l y  i f  block redundancy 

i s  used) ,  and they a r e  unsui ted  t o  remote r e s e t t i n g .  

Hence, t o  r e s t r i c t  t h e  phys ica l  l i m i t s  of the  bus t o  a manageable a r e a  such 

a s  a d i s t r i b u t i o n  box o r  subassembly, c e n t r a l  switching was recommended wi th  

e l e c t r o n i c  f a u l t  sensing t o  monitor and c o n t r o l  each power f eede r  throughout t h e  

capsule .  
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3 . 7  P y r o t e c h n i c  Subsystem >I 
The d e s i g n  of t h e  E n t r y  Sc ience  Package p y r o t e c h n i c  subsystem i s  i n f l u e n c e d  

by t h e  requ i rements  and c o n s t r a i n t s  s p e c i f i e d  and a l s o  by t h o s e  d e r i v e d  from t h e  

o v e r a l l  E n t r y  S c i e n c e  Package d e s i g n .  The main f u n c t i o n a l ,  des ign ,  and i n t e r f a c e  

requ i rements  of major  s i g n i f i c a n c e  are summarized i n  Tab le  3 .7 .1 ,  

3.7.1 P r e f e r r e d  P r e l i m i n a r y  Design 

3.7.1.1 Subsystem D e f i n i t i o n s  

3.7.1.1.1 Subsystem Descript ion 
The E n t r y  Sc ience  Package p y r o t e c h n i c  subsystem o p e r a t e s  on power o b t a i n e d  

through t h e  E n t r y  Sc ience  Package p y r o t e c h n i c  c o n t r o l  assembly from t h e  Capsule  

Bus power subsystem.  A block diagram i s  shown i n  F i g .  3.7-1. C o n t r o l  s i g n a l s  

come from t h e  s c i e n c e  d a t a  subsystem w h i l e  a safe- arm r e l a y  pa i r  p r o v i d e s  d c  i s o l a -  

t i o n  between t h e  power s o u r c e  and t h e  s q u i b  f i r i n g  c i r c u i t s .  

A f t e r  t h e  p y r o t e c h n i c  f u n c t i o n s  a r e  performed, t h e  r e l a y s  a r e  reset t o  t h e  safe 

p o s i t i o n ,  t h u s  opening t h e  power c i r c u i t  and removing any load  caused by a b r i d g e -  

w i r e  s h o r t .  The f i n a l  s w i t c h  between t h e  power s o u r c e  and s q u i b  i s  t h e  s o l i d -  

s t a t e  s q u i b  f i r i n g  c i r c u i t .  The c u r r e n t  l i m i t e r  assembly p r o v i d e s  se r ies  r e s i s -  

t o r s  t o  l i m i t  t h e  c u r r e n t  t o  each  b r i d g e w i r e  t o  approx imate ly  6 amp w i t h  a Capsule  

Bus p y r o t e c h n i c  b a t t e r y  o u t p u t  o f  20 v .  

The redundancy shown i n  F i g .  3.7-2 t y p i f i e s  t h a t  provided f o r  each f u n c t i o n .  

P a r a l l e l  i s o l a t e d  c i r c u i t s  a r e  provided from t h e  b a t t e r i e s  i n  t h e  Capsule  Bus 

power subsystem t o  t h e  c u r r e n t  l i m i t e r s .  Power i s  t h e n  provided f o r  each  c i r c u i t  

b ranch  t o  one b r i d g e w i r e  o f  each s q u i b .  Two s q u i b s  w i t h  two b r i d g e w i r e s  each a r e  

used f o r  each f u n c t i o n .  With t h i s  ar rangement ,  t h e  p roper  f u n c t i o n i n g  o f  e i t h e r  

c i r c u i t  branch w i l l  f i r e  a l l  a s s o c i a t e d  s q u i b s .  

The safe- arm r e l a y s  p r o v i d e  a ground r e f e r e n c e  t o  s t r u c t u r e  f o r  t h e  a s s o c i a t e d  

b r i d g e w i r e s  ( F i g .  3.7-3). Before  arming, t h e  p o s i t i v e  and n e g a t i v e  i n p u t s  from 

t h e  power s o u r c e  a r e  open and t h e  b r i d g e w i r e s  a r e  r e f e r e n c e d  t o  s t r u c t u r e  through 

an  i s o l a t i o n  r e s i s t o r .  

3.7.1.1.2 Performance Paramete rs  

P y r o t e c h n i c  power f o r  t h e  E n t r y  Sc ience  Package i s  s u p p l i e d  by b a t t e r i e s  i n  

t h e  Capsule  Bus power subsystem.  The p y r o t e c h n i c  f u n c t i o n s  t o  be s u p p l i e d  and t h e  

sys tem c u r r e n t  t o  b e  s u p p l i e d  t o  each  a t  a minimum b a t t e r y  v o l t a g e  o f  20 vdc a r e  

l i s t e d  i n  Tab le  3.7-2. The maximum load f o r  t h e  sys tem i s  24 amp. 
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Table 3.7-1 Entry Science Package Pyrotechnic Subsystem Requirements and 
Cons t r a i n  t s 

Functional  & Design Requirements & Cons t r a in t s  

Elec t roexplos ive  devices  and f i r i n g  c i r c u i t r y  t o  conform t o  AFETRM 127-1. Range 
Safety Manual I 

The squ ib- f i r i ng  harness connecting the  devices  t o  t he  f i r i n g  u n i t  t o  meet the  
fol lowing requirements: 

Continuous c i r cumfe ren t i a l  sh i e ld ing  up t o  the  e lec t roexplos ive  device 

Conductors ca r ry ing  squ ib- f i r i ng  cu r r en t  t o  be phys ica l ly  i so l a t ed  from 
o the r  conductors 

Radiated power pickup on squib f i r i n g  l i n e s  t o  be reduced by tw i s t i ng  and 
sh i e ld ing  the  conductors; r a d i a t i o n  pickup cons idera t ions  include bridge-  
to-bridge and bridge- to-case modes a s  we l l  a s  the normal f i r i n g  mode 

Subsystem t o  withstand temperatures encountered i n  s t e r i l i z a t i o n  

Subsystem t o  meet environmental extremes encountered f o r  launch through landing 

Components and design techniques t o  be w i th in  s t a t e - o f - t h e - a r t  technology and 
proven through use 

Subsystem t o  be completely t e s t a b l e  before  committed t o  launch 

Exploding bridgewire devices  not  t o  be used 

Squibs not  t o  f i r e  i f  one amperelone wa t t  i s  simultaneously applied t o  each 
bridgewire c i r c u i t  

Squibs t o  withstand s t a t i c  d ischarge  of  25 kv from 500-picofarad capaci tor  
applied between p ins  or  between p ins  and case  a t  a l l  atmospheric pressures  

Elec t ro- explos ive  devices  not  t o  degrade o r  be f i r e d  when exposed t o  an RF 

f i e l d  i n t e n s i t y  of 100 v/m 

Two double bridgewire squibs t o  be used fo r  each funct ion  

Pyrotechnic subsystem bus power t o  be con t ro l l ed  by a safe/arm device 

Redundant f i r i n g  c i r c u i t r y  t o  be used f o r  each funct ion  

No s i n g l e  o r  common f a i l u r e  mode ( inc luding  procedural dev ia t i on )  t o  both 
arm and command pyrotechnic subsystem 

No s i n g l e  f a i l u r e  t o  r e s u l t  i n  mission f a i l u r e  

Separate energy sources t o  be used f o r  pyrotechnic f i r i n g  i s o l a t e d  from 
other  subsystem uses 

Two squib f i r i n g  c i r c u i t s  t o  be used fo r  each pyrotechnic funct ion  

2 

I n t e r f a c e  Requirements & Const ra in ts  

1. All ESP pyrotechnic funct ions  t o  be ac tua ted  by the  ESP pyrotechnic subsystem; 
no squib f i r i n g  l i n e s  t o  c ros s  the  Capsule Bus t o  ESP i n t e r f a c e s  

2. Power fo r  ESP pyrotechnic funct ions  t o  be supplied by pyrotechnic b a t t e r i e s  i n  
the  Capsule Bus power subsystem 

3 .  I n t e r f a c e  between t h e  Capsule Bus power subsystem and ESP pyrotechnic subsystem 
t o  be a t  t h e  input  t o  the  ESP pyrotechnic con t ro l  assembly 
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Capsule Bus 
Power Subsystem ' Pyrotechnic Subsystem 

Battery ! Entry Science Package 

Safe F i r e  S ignal  1 
Signa l  1 v 

Charger I 

L_I 
Current  Limiters \\ / J  

I 

Fig.  3 . 7 - 2  Entry  Science Package Pyrotechnic Subsystem 

Capsule Bus 

_I I L--- Relay 

Note: Only one of two redundant 
branches shown. 

Fig.  3 . 7 - 3  Pyrotechnic Subsystem Grounding 
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Table 3.7-2 Pyrotechnic Loads 

sensor  cover 

Act iva te  & c a l i b r a t e  te rmina l  
n t  & landing mass spec t ro -  

*Times a r e  referenced t o  en t ry  (800,000 f t ) ;  u n i t s  a r e  i n  seconds, 

Power Qua l i t y  - The pyrotechnic subsystem squib loads a r e  s e n s i t i v e  t o  the  

cu r r en t  de l ive red  and not  t o  vo l t age .  The subsystem i s  designed t o  d e l i v e r  a t  

least 6 amp a t  t h e  br idgewire i f  t he  supply vo l t age  i s  20 v o r  g r e a t e r ,  

Performance Margin - The minimum c u r r e n t  t o  be suppl ied  t o  each br idgewire 

i s  6.0 amp. 

cu r r en t  t o  allow f o r  t o l e rances  i n  cu r r en t  l i m i t e r s ,  w i r e  l eng ths ,  t he  pyrotechnic 

c o n t r o l  assembly, and t e s t  equipment. The squibs i n  t he  pyrotechnic subsystem 

w i l l  provide more energy t o  the a c t i v a t i n g  mechanisms than requi red  t o  perform 

a c t u a t i o n ,  The pressure  margins w i l l  be no l e s s  than 100%. 

based on the  p re s su re  produced by one of the  redundant pa i r  of squibs.  

way, allowance i s  made f o r  v a r i a t i o n s  i n  the  a c t i v a t i n g  mechanisms and f o r  un- 

pred ic ted  v a r i a t i o n s  i n  environmental cond i t i ons .  

This  g ives  an allowance of 1.0 amp above the  squib normal func t ion  

The margins w i l l  be  

I n  t h i s  

Subsystem R e l i a b i l i t y  - Table 3.7-3 i s  t h e  r e l i a b i l i t y  summary f o r  t he  Entry 

Science Package pyrotechnic subsystem. 

been assigned t o  the  Entry Science Package pyrotechnic subsystem. 

d i c t i o n  i s  the  ca l cu la t ed  r e l i a b i l i t y  of t h e  p re fe r r ed  conf igu ra t ion  of F ig .  

3.7-1 and inc ludes  the  safe-arm r e l a y s ,  squib f i r i n g  c i r c u i t s ,  c u r r e n t  l i m i t e r s ,  

and squibs .  

The a l l o c a t i o n  i s  the  number t h a t  has  

The mean p re-  

Al loca t ion  

Mean p red ic t ion  

Upper bound p r e d i c t i o n  

Lower bound p r e d i c t i o n  

Table 3.7-3 R e l i a b i l i t y  Summary 

.99 

.9999 

,9999 

.9999 
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A f a i l u r e  mode, e f f e c t s ,  and c r i t i c a l i t y  a n a l y s i s  (FMECA) of the Entry Science 

Package pyrotechnic subsystem has been performed. For a nonredundant system, the  

f a i l u r e  of a safe-arm r e l a y  t o  c l o s e  o r  remain c losed ,  o r  f a i l u r e  of a squib f i r -  

i n g  c i r c u i t  t o  c l o s e  r e s u l t s  i n  the l o s s  of the a s soc i a t ed  pyrotechnic event .  

Those a r e  two C r i t i c a l i t y  I f a i l u r e  modes f o r  which c o r r e c t i v e  a c t i o n  has been 

taken. 

The subsystem employs two p a r a l l e l  redundant systems, each conta in ing  a sepa-  

r a t e  power bus, safe-arm r e l a y ,  squib f i r e  c i r c u i t ,  cu r r en t- l imi t ing  r e s i s t o r s  

redundant squibs w i t h  redundant br idgewires ,  and independent s a f e ,  arm, and f i r e  

s i g n a l s  t o  perform each pyrotechnic func t ion .  I n  a d d i t i o n ,  each pyrotechnic-op- 

e r a t ed  device  i s  designed t o  ope ra t e  w i t h  t h e  energy of a s i n g l e  squib.  

3.7.1.1.3 S t e r i l i z a t i o n  

The s t e r i l i z a t i o n  requirements have imposed a r e s t r i c t i o n  t h a t  the  c i r c u i t  

des ign  be l imi t ed  t o  t he  use of components from the  approved s t e r i l i z a b l e  p iece-  

pa r t s  l i s t .  

3.7.1.2 Physical  C h a r a c t e r i s t i c s  

3 . 7.1 . 2.1 Hardware Desc r ip t ion  

Pyrotechnic Control  - Each safe-arm c i r c u i t  c o n s i s t s  of one p a i r  of 4PDT 
magnetic l a t c h i n g  r e l a y s  wi th  con tac t  cu r r en t  r a t i n g s  of 10 amp. They are used t o  

apply o r  remove pyrotechnic device  a c t i v a t i o n  power from the  squib f i r i n g  c i r c u i t s  

upon r e c e i p t  o f  momentary d i s c r e t e  s i g n a l s  from the  sc ience  d a t a  subsystem. 

Each r e l a y  r e q u i r e s  a 50 m a ,  50 m s  pu lse  f o r  opera t ion .  S imi la r  par ts  are on 

the approved s t e r i l i z a b l e  piece-parts l is t .  

A squib f i r i n g  c i r c u i t  (SFC), i s  used t o  a c t i v a t e  the  pyrotechnic devices  upon 

r e c e i p t  of a momentary d i s c r e t e  from the  sc ience  d a t a  subsystem. The SFC i s  a 

s o l i d  s t a t e  switch t h a t  r e q u i r e s  i npu t  power of 255 m a  a t  2 8  vdc from the  equip-  

ment bus, and switch 20 t o  40 vdc from the  pyrotechnic bus. The squib f i r i n g  

c i r c u i t s  provide i s o l a t i o n  of equipment power from pyrotechnic power. 

Figure 3.7-4 d e p i c t s  a squib  f i r i n g  c i r c u i t  t h a t  ope ra t e s  as follows: Equip- 

ment bus power and pyrotechnic bus power a r e  appl ied  t o  t h e i r  r e spec t ive  leads .  

The f i r e  s i g n a l  i s  appl ied  t o  the  s i g n a l  i npu t  lead  which, a f t e r  a 1 t o  10 m s  t i m e  

de lay ,  a c t i v a t e s  the  i s o l a t i o n  c i r c u i t .  The i s o l a t i o n  c i r c u i t  i s  a dc- to-ac i n -  

v e r t e r  t h a t  ope ra t e s  a t  approximately 4 k&. The ac output  i s  transformed through 

two i s o l a t e d  secondary windings. Each output  i s  then r e c t i f i e d  and supp l i e s  power 

t o  t he  g a t e  of a s i l i c o n- c o n t r o l l e d  r e c t i f i e r  (SCR).  The two s i l i c o n- c o n t r o l l e d  

r e c t i f i e r s  a r e  connected i n  s e r i e s  w i th  an  inductor  t o  prevent  premature turn-on 
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due t o  the  e f f e c t s  of r a t e s  of change of vo l t age  (dv ld t )  on t h e  s i l i c o n- c o n t r o l l e d  

r e c t i f i e r .  When the  t r ans fo rmed- rec t i f i ed  vo l t ages  a t  t he  g a t e  leads  of t he  s i l i -  

con- cont ro l led  r e c t i f i e r  r i s e  t o  t he  minimum g a t e  vo l t age  t o  f i r e ,  the  s i l i c o n -  

c o n t r o l l e d  r e c t i f i e r s  t u r n  on and a r e  capable of d e l i v e r i n g  1 2  amp cont inuous ly  

o r  100 amp f o r  50 m s .  

t r o l l e d  r e c t i f i e r .  

Removal of t h e  anode vo l t age  t u r n s  o f f  t h e  s i l i con- con-  

S e r i e s  redundancy e x i s t s ,  being provided f o r  by having t h e  two s i l icon- con-  

t r o l l e d  r e c t i f i e r s  i n  s e r i e s .  I f  one s i l i c o n- c o n t r o l l e d  r e c t i f i e r  s h o r t s  anode 

t o  cathode, no output  e x i s t s  u n t i l  t he  second s i l i c o n- c o n t r o l l e d  r e c t i f i e r  r e -  

ce ives  a g a t e  s i g n a l .  This  f e a t u r e  p r o t e c t s  a g a i n s t  an inadve r t en t  turn-on of 

a squib  f i r i n g  c i r c u i t  f o r  a s i n g l e  f a i l u r e  mode. 

Curren t  L imi t e r s  - These assemblies  c o n s i s t  of e i g h t  1 t o  4 R, 2 w ,  wire-wound 

r e s i s t o r s  w i th  ceramic cores .  

t echn ic  device  and used t o  l i m i t  t h e  c u r r e n t  and burn open i n  the  event  of a b r idge-  

wi re  te rmina l- to- te rmina l  s h o r t  a f t e r  br idgewire a c t i v a t i o n .  

Each r e s i s t o r  i s  i n s t a l l e d  i n  s e r i e s  w i th  a pyro- 

Squibs - One type of e l ec t roexp los ive  device  w i l l  be used i n  the  pyrotechnic 

subsystem: a Voyager s tandard  pressure  c a r t r i d g e .  S tandard iza t ion  t o  one p re s-  

su re  c a r t r i d g e  o f f e r s  d i s t i n c t  economy i n  development, acceptance,  and l o g i s t i c s .  ) 

The s tandard  p re s su re  c a r t r i d g e  w i l l  provide gas pressure  t o  a c t u a t e  a p in  p u l l e r  

o r  t o  open a va lve .  

3.7.1.2.2 Weight and Volume 

Phys ica l  c h a r a c t e r i s t i c s  f o r  t he  Entry Science Package pyrotechnic subsystem 

a r e  summarized i n  Table 3.7-4. 

Note: Numbers i n  parentheses  i n d i c a t e  t o t a l  q u a n t i t i e s  used. 

JCSquib weight & volume are included as  p a r t  of us ing  subsystem. 
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3.7.1.3 Desc r ip t ion  of I n t e r f a c e s  

The Entry Science Package pyrotechnic subsystem i n t e r f a c e s  a r e  of two types: 

For a d e s c r i p t i o n  of t he  ground i n t e r f a c e s ,  r e f e r  t o  Sec t ion  
3 )  

ground and f l i g h t .  

I1 Subsect ion 2.9 of t h i s  volume. 

paragraphs. 

The f l i g h t  i n t e r f a c e s  a r e  def ined  i n  succeeding 

Inpu t s  t o  t he  Entry Science Package Pyrotechnic Subsystem - The Capsule Bus 

power subsystem t o  Ent ry  Science Package pyrotechnic subsystem i n t e r f a c e  w i l l  con- 

s i s t  of power suppl ied  t o  t he  Ent ry  Science Package pyrotechnic subsystem f o r  

squib  f i r i n g .  

The sc ience  d a t a  subsystem t o  Ent ry  Science Package pyrotechnic subsystem i n -  

t e r f a c e  w i l l  c o n s i s t  of redundant s a f e  and arm s i g n a l s  t o  the  safe-arm r e l a y s  and 

redundant f i r e  s i g n a l s  t o  t he  squib  f i r i n g  c i r c u i t s .  The pyrotechnic func t ions  

i n i t i a t e d  by these  commands a r e  l i s t e d  i n  Table 3.7-2. 

3.7.1.4 S tandard iza t ion  

The Entry Science Package pyrotechnic subsystem i s  of s tandard  des ign  f o r  t he  

decade,  Electromechanical  components as w e l l  as e l e c t r o n i c  components and c i r c u i t s  

s p e c i f i e d  f o r  t he  1973 miss ion  w i l l  be used f o r  t he  1975 mission and onward. Any 

change i n  requirements  can be accommodated through t h e  a d d i t i o n  of pyrotechnic 
, I f i r i n g  c i r c u i t s .  

3.7.2 Analysis  of t he  S e l e c t i o n  of t he  Prefer red  Approach and I d e n t i f i c a t i o n  of 

A l t e r n a t i v e s  Considered (Rat iona le)  

3.7.2.1 Se l ec t ion  Cr i te r ia  

I n  a d d i t i o n  t o  t h e  c r i t e r i a  imposed by the  requirements and c o n s t r a i n t s  l i s t e d  

a t  t he  beginning of Subsection 3.7, t he  fol lowing cons ide ra t ions  inf luenced the  

s e l e c t i o n  of t he  p re fe r r ed  approach: 

1) R e l i a b i l i t y  5 )  Res is tance  t o  environments 

2 )  F a i l u r e  modes and e f f e c t s  6 )  Bridgewire s h o r t  i s o l a t i o n  

3)  Weight 7) Pyrotechnic power i s o l a t i o n .  

4)  Checkout c a p a b i l i t y  

3.7.2.2 Redundancy 

The pyrotechnic power subsystem i s  powered by redundant Ag-Zn b a t t e r i e s  from 

the  Capsule Bus, This  redundancy i s  c a r r i e d  throughout t h e  pyrotechnic subsystem, 

inc luding  t h e  safe-arm swi tch ,  squib f i r i n g  switch,  c u r r e n t  l i m i t i n g  r e s i s t o r ,  

and sepa ra t e  br idgewires  i n  each squib as shown i n  Fig.  3.7-2. The redundant 

pyrotechnic power busses  a r e  not  e l e c t r i c a l l y  t i e d  toge the r  t o  prevent  the  loss  

P of both  c i r c u i t s  f o r  a s i n g l e  f a u l t  i n  equipment o r  w i r ing .  This  e l imina te s  the  

need f o r  f a u l t  p r o t e c t i o n  i n  t h e  pyrotechnic c i r c u i t s  which would be very d i f -  

f i c u l t  t o  provide because they a r e  energized j u s t  before  the requi red  func t ion .  

R l l N  MARIZIIA CORPORAllON 
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An a l t e r n a t e  approach was considered which p a r a l l e l e d  t h e  b a t t e r i e s  through 

d iode  i s o l a t i o n .  This  had the  advantage of powering both  pyrotechnic c i r c u i t s  

a f t e r  t h e  l o s s  of one b a t t e r y ;  however, a f a u l t  on the bus s i d e  of t he  d iodes  

would r e s u l t  i n  l o s s  of the  complete pyrotechnic power subsystem. 

3.7.2.3 Power Cont ro l  

A s  a r e s u l t  of a t r ade  s tudy on power c o n t r o l  choices ,  a s o l i d  s t a t e  f i r i n g  

system t h a t  provides i s o l a t i o n  of t h e  pyrotechnic bus from t h e  equipment bus and 

u t i l i z e s  f i r i n g  energy d i r e c t l y  from Ag-Zn b a t t e r i e s  was s e l e c t e d .  A l t e rna t e  

cons ide ra t ions  included the  use of c a p a c i t o r s  f o r  energy s to rage ,  r e l a y s  f o r  

switching,  and motor-driven switches f o r  swi tch ing .  

3.7.3 Summary of Subsystem Trade S tudies  

Trade Study Report ED-22-6-27 (Power Cont ro l  Choices) p re sen t s  the  ana lyses  

performed and cons ide ra t ions  used i n  determining the  type of device t o  be used 

a s  energy s to rage  f o r  pyrotechnic f i r i n g  and t h e  type of pyrotechnic f i r i n g  con- 

t r o l  device  t o  be used. A s o l i d  s t a t e  switch t h a t  i s o l a t e s  the pyrotechnic bus 

from the  equipment bus and uses  f i r i n g  energy d i r e c t l y  from Ag-Zn b a t t e r i e s  i s  

s e l e c t e d  f o r  the  fol lowing reasons:  

1) Ease o f  checkout 

2 )  Res is tance  t o  shock, random v i b r a t i o n ,  and temperature 

3)  Proven des ign ,  inc luding  i n t e r n a l  f i l t e r i n g  and s e r i e s  redundancy 

4 )  I s o l a t i o n  of pyrotechnic power from equipment power. 

A l t e rna t e  cons ide ra t ions  included the  use of c a p a c i t o r s  f o r  energy s to rage  

and motor-driven switches and r e l a y s  f o r  switching.  The r e l i a b i l i t y  p red ic t ions  

ind ica t ed  t h a t  a l l  systems considered a r e  equa l ly  r e l i a b l e .  

Magnetic l a t c h i n g  r e l a y s  a r e  used t o  arm the  pyrotechnic subsystem. The use 

of r e l a y s  f o r  f i r i n g  squibs  i s  n o t  recommended because an unpredicted shock o r  

excess ive  v i b r a t i o n  could r e s u l t  i n  both arming and f i r i n g .  

i ng ,  which i s  i n s e n s i t i v z  t o  shock, i s  recommended f o r  f i r i n g  c o n t r o l .  

So l id  s t a t e  switch-  

Premature arming of a s o l i d - s t a t e  switch due t o  t r a n s f e r  of  the safe-arm r e -  

l a y  can be t o l e r a t e d  because the  f i r i n g  must s t i l l  be accomplished through t h e  

use  of a s i g n a l  from t h e  command and sequencing subsystem. 

The c a p a c i t i v e  s to rage  system adds a weight pena l ty  and requi red  the  develop- 

ment of a l a rge ,  wet tantalum, s t e r i l i z a b l e  c a p a c i t o r  which has i nhe ren t  problems 

of d i e l e c t r i c  leakage a t  normal ambient pressure .  The 8 month exposure t o  the  
I 

hard vacuum of space would only se rve  t o  make t h i s  problem more severe .  ,J 
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1 4. SPACECRAFT-MOUNTED SUPPORT EQUIPMENT 

4 .1  Requirements and Cons t r a in t s  

Table 4.1 -1 presen t s  the s p e c i f i e d  and derived requirements  and c o n s t r a i n t s  

f o r  the Spacecraf t-mounted F l i g h t  Capsule suppor t  equipment (SMFCSE) . 
4.2 P re fe r r ed  Prel iminary Design 

This subsec t ion  d i scusses  the suppor t  equipment d e s c r i p t i o n ,  func t ion ,  pe r-  

formance, r e l i a b i l i t y  and i t s  i n t e r f a c e s .  

4 .2.1 Support Equipment Descr ip t ion  

The Spacecraft-mounted F l i g h t  Capsule suppor t  equipment i s  an  i n t e g r a t e d  de-  

s i g n  t h a t  suppor ts  the r a d i o  r e l a y  communications l i n k s  of the Capsule Bus, En- 

t r y  Science Package, and Surface Laboratory.  The o v e r a l l  b lock  diagram of the 

Spacecraft-mounted suppor t  equipment i s  shown i n  F ig .  4.2-1. The elements a s s o-  

c i a t e d  wi th  the Entry Science Package mission are i n d i c a t e d  by bold o u t l i n e d  blocks. 

Table 4.2-1 summarizes the major c h a r a c t e r i s t i c s  f o r  suppor t  of the ESP l i n k .  

The suppor t  equipment i s  organized i n t o  three  assembl ies :  the r a d i o  assembly, 

medium-gain antenna assembly, and low-gain antenna assembly. For Entry Science 

Package (ESP) suppor t ,  the r a d i o  assembly conta ins  two ESP UHF r e c e i v e r s  and two 

,) bit- demodulators  i n  a coopera t ive  mult ichannel  arrangement.  Both r e c e i v e r s  and 

bo th  b i t  demodulators are normally opera ted  f o r  the  e n t i r e  e n t r y  sc ience  mission 

wi th  each channel r ece iv ing  a l l  Entry Science Package sc i ence  d a t a .  The ou tpu t  

of each b i t  demodulator i s  f e d  d i r e c t l y  t o  the Spacecraf t  d a t a  s t o r a g e  system, 

where it i s  s t o r e d  f o r  l a t e r  t ransmiss ion  t o  Ea r th .  The r a d i o  assembly a l so  con- 

t a i n s  elements f o r  suppor t  of the  Capsule Bus and Surface Laboratory r e l a y  l i n k s .  

Parameter 

Data rate 
Frequency ( t y p i c a l )  

Charac t er i s  t i c  

Two i s o l a t e d  50 K b i t s / s e c  
- 395 MHz; f 4  - 400 MHz 

f 3  
Modulation 
P o l a r i z a t i o n  

Receiver no ise  f i g u r e  

Sp l i t - phase ,  frequency sh i f t- keyed  
- r i g h t  hand c i r c u l a r  p o l a r i z a t i o n  I f 3  

f 4  - l e f t  hand c i r c u l a r  p o l a r i z a t i o n  

4.0 db, max 

)or t 

3 
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The medium-gain an tenna  assembly i s  a n  e l l i p t i c a l - p a t t e r n  antenna wi th  a s e l f -  

contained coupling network. 

descent  t r a j e c t o r i e s  except  those a s s o c i a t e d  wi th  a low t a r g e t i n g  parameter 

(f3 <15 d e d  and low- per iaps is  a l t i t u d e  (h < 1000 km). The low ga in  antenna assem- 
P 

b l y  i s  a c i r c u l a r  - p a t t e r n  broad-beam antenna ,  which provides the gain- angular  

coverage requi red  f o r  the  low f3 and low-periapsis  a l t i t u d e  missions.  Both an ten-  

nas a r e  boom-mounted i n  o rde r  t o  guarantee the cone and c lock  viewing angles  re-  

qui red  by the r e l a y  l i n k s .  One antenna i s  s e l e c t e d  before F l i g h t  Capsule separa- 

t i o n ,  based on the s p a c e c r a f t  o r b i t  and d e s i r e d  landing  s i t e ,  and t h i s  antenna i s  

then used f o r  the e n t i r e  d e o r b i t  and i n i t i a l  post- land phases of the mission.  

The exac t  o r i e n t a t i o n  of the  two antennas i s  ad jus t ed  before  launch t o  opt imize 

the communication l i n k s  f o r  the  planned o r b i t a l  i n c l i n a t i o n  and d e o r b i t  d a t e .  

4.2 .2  Sequence of Funct ions i n  Operation 

This assembly is  used f o r  a l l  Entry Science Package 

The r e l a y  antennas a r e  deployed before  F l i g h t  Capsule s e p a r a t i o n .  The medium- 

ga in  antenna i s  normally connected t o  the r e c e i v e r s .  

Spacecraf t  i s  used t o  s e l e c t  the  low-gain antenna when a p a r t i c u l a r  mission re-  

q u i r e s  i t s  use .  Power is app l i ed  t o  the r e c e i v e r s  and t o  b i t  demodulators before  

F l i g h t  Capsule s e p a r a t i o n .  It i s  turned o f f  a t  the end of the Surface Laboratory 

mission. 

4.2.3 Support Equipment Performance 

An Ear th  command via  the 

1 

The performance of  the Entry Science Package t o  Spacecraf t  r e l a y  l i n k  i s  d i s -  

cussed i n  paragraph 3 .7 .1 .  The key parameters of Spacecraft-mounted suppor t  equip-  

ment used i n  the l i n k  c a l c u l a t i o n s  a r e  summarized i n  Table 4 . 2- 2 .  F i g .  4.2-2 shows 

how the antenna p a t t e r n s  provide the ga in  r equ i r ed  f o r  the Entry Science Package 

r e l a y  l i n k .  The r equ i r ed  gain f o r  the  d e o r b i t  t r a j e c t o r i e s  shown i s  t h a t  ga in  

necessary f o r  zero-db s i g n a l  performance margin a f t e r  a l l  nega t ive  to l e rances  

( inc luding  fad ing)  have been deducted. The v e r t i c a l  d i s t a n c e  from any po in t  on 

a d e o r b i t  t r a j e c t o r y  t r a c e  t o  an  antenna p a t t e r n  trace r e p r e s e n t s  the worst-case 

performance margin e x i s t i n g  a t  t h a t  p o i n t  of the mission.  The need f o r  antenna 

r ecep t ion  of  Surface  Laboratory r e l a y  l i n k  d a t a  nominally f o r  8 min a f t e r  touch- 

down in f luences  t h e  proposed antenna p a t t e r n s  and antenna l o c a t i o n s  on t h e  Space- 

c r a f t  as shown i n  Fig. 4.2- 2. 
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Table 4.2-2 Spacecraf t-Mounted F l i g h t  Capsule Support Equipment Link 
Parame t er s 

Parameter 

Antenna 

Me d i um- g a i n  a n t  e nna * 
Gain 

Axial r a t i o  ( i n  3 db beamwidth) 

Low ga in  antenna* 

Gain 

Axial  r a t i o  

Receiver Parameters 

C i r c u i t  l o s s  

System no i se  temperature 

Prede t e c  t i o n  no i se  bandwidth 

Required E/No (P: = 4 x 

WT product 

Threshold c a r r  ier- to- noise r a t  i o  

Sync Parameters 

C i r c u i t  l o s s  

Loop bandwidth (2  B 

Loop Threshold (4 deg rms j i t ter )  

LO) 

Value 

+ 8.0 - c 0.5 db 

+ 1.5 - + 1.5 db 

+ 5.0 - + 0.5 db 

+ 1.5 - + 1.5 db 

+o.o db - 1 .0  -0.5 

+370 OK 

630 -130 

226 kHz + 10% - 
4- 11.0 21.5 db 

+ 6.6 + 0.5 db - 
+ 4.4 + 1.0 db - 

- 7.8  + 0.5 db - 
50 Hz - + 10% 

+ 20 + 1.0  db 

$;The antenna t o  be used is s e l e c t e d  based on the  p a r t i c u l a r  F l i g h t  
Capsule d e o r b i t  t r a j e c t o r y  t o  be flown. 

M A R T g N  MARIETTA CORPORATION 
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Key Bounding Case S/C O r b i t  8 h 

@ I Nominal Mission I 1,300 x 12,500 km 25' -10' 

h 
P a " 
3 8  
$ 6  

E 4  
E 2  

0 2 
r( -2 2 
-a -4 
g -6 

w -10 

U 

4 

U 

0 -8 
U 

m 
2 -12 

-14 
-16 

a 
v) 

a 
l.4 
4 s 
4 

Atmosphere 

VM-8 

@ 

@ 

Max Pas ag2 800 X 8,000 km 10' 0' VM-9 

Max Range 1,800 x 17,000 km 40" -loo VM-8 

Key Deorb i t  T r a j e c t o r y  P o i n t  

I I AB0 1 A f t e r  Blackout 

S t a r t  of Terminal Phase 1 :z 1 Touchdown 1 
TM-1 Touchdown + 1 min 

Fig. 4.2-2 Gain and Coverage Requirements of Spacecraft-Mounted Relay Antenna, 
En t ry  Science Package Support 
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4.2.4 Hardware Descr ip t ions  

The Spacecraft-mounted Entry Package support  Equipment c o n s i s t s  of the  f o l -  

lowing s ix  hardware elements:  

1) Medium gain  antenna 

2) Low ga in  antenna 

3 )  Antenna switch 

4)  Diplexer  (2) 

5) UHF r ece ive r  ( 2 )  

6 )  B i t  demodulator (2 ) .  

The RF elements (antennas,  switch,  and d i p l e x e r s )  a l s o  support  the Capsule Bus and 

Surface Laboratory Systems. 

Medium Gain Antenna - The medium-gain antenna i s  an a r r a y  of two cavity-backed 

crossed  s l o t s  w i th  a mesh ground p lane .  The antenna inc ludes  the i n t e g r a l  feed 

s t r u c t u r e  and provides c i rcu la r  p o l a r i z a t i o n  d ip l ex ing  of two i s o l a t e d  p o r t s .  

F i g .  4.2-3 summarizes the key c h a r a c t e r i s t i c s  of t h i s  element.  

Low Gain Antenna - The low-gain antenna i s  a s i n g l e  cavity-backed crossed 

s l o t  wi th  a mesh ground plane.  The design i s  similar t o  the r e l a y  antenna requi red  

on the Entry Science Package. F ig .  4.2-4 summarizes the key c h a r a c t e r i s t i c s  of 

t h i s  e lement .  

Antenna Switch - The switch i s  a dual-RF, s ing le- po le ,  double-throw, l a t ch ing -  

type r e l a y .  It i s  designed similar t o  the  switch on the TIROS s p a c e c r a f t .  F ig .  

4.2-5 summarizes the key c h a r a c t e r i s t i c s  of t h i s  element.  

Diplexer - The d ip l exe r  c o n s i s t s  of a band pass  f i l t e r  a t  each r ece ive r  and 

t r a n s m i t t e r  p o r t  and a mult icoupler  a t  the common junc t ion  of these f i l t e r s .  The 

mult icoupler  provides cons t an t  i npu t  impedance to  the d ip l exe r  from the antenna 

switch p o r t .  

The d i p l e x e r  i s  a s t r i p l i n e  and lumped-constant component. The key cha rac t e r-  

is t ics  of t h i s  element a r e  summarized i n  Figure 4.2-6. Two d ip l exe r s  a r e  requi red  

f o r  the Spacecraf t-mounted support  equipment. 

UHF Receiver - The UHF r e c e i v e r  c o n s i s t s  of a p reampl i f i e r ,  mixer, l o c a l  os-  

c i l l a t o r ,  in te rmedia te  frequency a m p l i f i e r  and frequency s h i f  t-keyed demodulator 

as shown i n  F igure  4.2-7. Two rece ive r s  a r e  requi red  f o r  the Entry Science 

Package r e l a y  l i n k .  The sp l i t - phase  baseband output  of each r ece ive r  i s  f ed  to  

a b i t  demodulator. 
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u( 
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0 10 20 30 40 50 60 70 80 
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(e) Circular Polarization Patterns 
(for infinite ground-plane) 

90 

Characteristics 

Frequency 
Bandwidth 
Input VSWR (each port) 
Input - Port Isolation 
Gain 
Polarization 

Axial Ratio 
Half Power Beamwidth 
Power-Handing Capability 
Operating Failure Rate 
Weight 

Value 
400 MHz, nominal 
40 MHz 

1.211 max 
20 db min 
8.0 j :  0.5 db 

Left-Hand & Righ- 
Hand Circular 
3.0 db max 
55 x 130 deg 
20 w, either port 
275 per 10 hr 
8.5 lb 

9 

Fig. 4.2-3 Medium-Gain Antenna Characteristics 
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2 4  in. 

Cavity -f 
(a) Antenna 

To Crossed Slots 

Inputs- + 1 
RCP LCP 

(b) Feed Circuitry 

90 

0 (deg) 

( c )  Circular Polarization Pattern 
(infinite ground plane) 

Characteristics 
Parameters 

Frequency 
Bandwidth 
Input VSWR (each port) 
Input Port Isolation 

Gain 
Polarization 

Axial Ratio 
Power-Handling Capability 

Operating Failure Rate 

Weight 

Value 

400 MHz, Nominal 
40 MHz 

1 . 2 : 1 ,  max 
20 db, min 

5.0 2 0 . 5  db 
Right-Hand & Left- 
Hand Circular 
3.0 db max 
20 w, Either Port 

275 per lo9  hr 
4.0 lb 

Fig. 4 . 2- 4  Low-Gain Antenna Characteristics 
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Medium- 
Gain 
Antenna 

Low -Ga in 
Antenna 

b Diplexer 1 
Antenna 
Switch Diplexer 2 RHCP 

LHCP [ 
Control 
Input 

Characteristics 

Parameters Value 

Frequency 
VSWR 
RF Power Rating 

Insertion Loss 

Crosstalk Isolation 
Operating Failure Rate 

Size 
Weight 
Control Power Input 

Switching Time 

400 t 20 MHz 

1.15:1, max 
50 w Total Incident 
Power 

0.2 db, rnax 

50 db, min 
9 250 per 10 hr 

2.2~2 .Ox1 .O in. 
6 oz 

Alternately transfer be- 
tween the two positions 
with successive momentary 
applications of 24 vdc 
nominal, 1 amp max 
12 ms, max 

I 

Fig. 4.2-5 Antenna Switch Characteristics 
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P o r t  A 
C/B receiver 1 o r  
C/B-S/L receiver 2 

P o r t  B 
ESP Receiver 1 
o r  2 

Antenna 
Switch 

P o r t  C 
Beacon 
Transmi t t e r  

C h a r a c t e r i s t i c s  

Surface  Laboratory Cap- 
s u l e  Receivers 

Entry Science Package 
Rece ivers  

Surface  Laborator  

- Note: 1. I s o l a t i o n ,  
a) A ,  B, & C t o  each o t h e r ,  w i t h  antenna p o r t  

b) C o f  Diplexer  1 t o  C o f  Diplexer  2 ,  wi th  
terminated - 30 db min; 

antenna p o r t  ter minated: 
90 db min (no te  t h a t  t he  antenna system 
i n  ope ra t ion  w i l l  provide an a d d i t i o n a l  
20 db of  i s o l a t i o n  f o r  C of Diplexer  1 
t o  C of Diplexer  2 ) ;  

c) A ,  B, & C of Diplexer 1 & A & B of Diptexer  
2 - 30 db min. 

3 .  I n s e r t i o n  l o s s  of  A ,  B,  o r  C t o  antenna swi tch  - 
1.0  db max. 

3 .  S i ze  - 5 x 4 ~ 2  i n .  
4. Weight - 9 02. 
5 .  Operat ing f a i l u r e  r a t e  - 50 p e r  lo9 h r .  

F i g .  4.2-6 Diplexer  C h a r a c t e r i s t i c s  
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B i t  Demodulator - Each b i t  demodulator accepts  t h e  s p l i t - p h a s e  non-coherent 

frequency sh i f t- keyed  ou tpu t  from a UHF rece ive r  and conver t s  t h i s  d a t a  i n t o  a 

pulse  code modulation d a t a  t r a i n  and c lock  s i g n a l  r equ i r ed  by the  Spacecraf t  d a t a  

s to rage  subsystem. F igure  4.2-8 shows the b i t  demodulator block diagram and 

summarizes t he  key c h a r a c t e r i s t i c s .  

i 

For one-half of the  information b i t ,  a space s i g n a l  i s  s e n t ;  f o r  the o the r  

h a l f ,  a mark s i g n a l  i s  s e n t .  The t i m e  sequence of the mark and space s i g n a l s  

determines whether a nonreturn- to-zero (NRZ) 1 o r  0 has  been rece ived .  

The swi tch ,  i n t e g r a t e ,  and dump c i r c u i t  of the b i t  demodulator conver t s  the 

sp l i t - phase  s i g n a l  i n t o  an  NRZ s i g n a l ,  i n t e g r a t e s  the  NRZ signal over the b i t  

per iod ,  and r e s e t s  the i n t e g r a t o r  t o  zero a t  the end of  the  b i t  per iod.  The 

dec i s ion  threshold  c i r c u i t  samples the ou tpu t  of the i n t e g r a t o r  before r e s e t ,  

determines the p o l a r i t y  of the s i g n a l ,  and then dec ides  the s t a t e  of the r e -  

ceived b i t  (1 o r  0 ) .  The pulse  code modulation regenera tor  r e c o n s t i t u t e s  the 

b i t  stream i n t o  the d e s i r e d  format .  The synchronizer  e x t r a c t s  the c lock  ra te  

from the sp l i t - phase  i n p u t  s i g n a l  and keys the  i n t e g r a t o r  and dump reset cyc le s .  

The synchronizer  converts  the s p l i t - p h a s e  inpu t  s i g n a l  t o  a re turn- to- zero  (RZ) 

s i g n a l  t o  o b t a i n  a d i s c r e t e  component a t  the  keying frequency. h phase-lock-loop 

c i r c u i t  d r i v e s  a s t a b l e  c lock  from the  incoming d a t a .  The ou tpu t  of the phase- 

locked loop i s  hard l i m i t e d ,  coherent ly  d iv ided  ( 2 : 1 ) ,  and shaped t o  provide a 

narrow sp ike  a t  the  c lock  r a t e .  

4.2.5 Weight, Power, and Volume 

,) 

Table 4.2- 3 i n d i c a t e s  the  weight,  power, and s i z e  requirements f o r  a l l  elements 

of the  Spacecraft-mounted F l i g h t  Capsule suppor t  equipment. The r ad io  assembly 

w i l l  nominally d i s s i p a t e  18 w during ope ra t iona l  per iods .  

4 .2 .6  R e l i a b i l i t y  

The p r o b a b i l i t y  of mission success  f o r  the Spacecraf t-mounted F l i g h t  Capsule 

suppor t  equipment i n  suppor t  of  the Entry Science Package mission only i s  0.9999 

which exceeds t h e  a l l o c a t i o n  of 0.975. These c a l c u l a t i o n s  a r e  based on the  f a i l u r e  

rates ind ica t ed  i n  the hardware d e s c r i p t i o n s  and t h e  mission p r o f i l e .  

The equipment uses  two-channel coopera t ive  redundancy f o r  the  swi tches ,  d i -  

p l exe r s ,  r e c e i v e r s ,  and b i t  demodulators.  The two de t ec t ed  s i g n a l s  are sepa ra t e ly  

coupled t o  i s o l a t e d  inpu t s  i n  the Spacecraf t  da t a  s to rage  subsystem. The only s i n -  

g l e  f a i l u r e  mode which could cause t o t a l  d a t a  l o s s  during d e o r b i t  i s  a s soc i a t ed  
'I 

i 
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~ 

C h a r a c t e r i s t i c s  

Parameter 

I n p u t  S igna l  

Output  S igna l  

FR-22-103 Vol I V  S e c t  I 

PCM PCM 
Regenerator  Data 

Switch,  I n t e -  Dec is ion  
grade,  & b Threshold * 
Dump C i r c u i t  C i r c u i t  . I 

Receiver ““~1 I 
I Clock ’ Signa l  

I 

Sync C i r c u i t  Loss (in 2 BLo) 

Sync Loop Bandwidth (2 BLo) 

Sync Loop Threshold (2 B 
(4 deg r m s  j i t t e r )  

Opera t ing  F a i l u r e  Rate 

Weight 

S i z e  

I n p u t  Power 

LO 1 

Value 

Spl i t- Phase  Base Band; 50 
K b i t s / s e c  In format ion  
Rate 

NRZ PCM Waveform; 
50 kbps p l u s  c l o c k  

7.8 rtr 0.5 db f o r  Square 
dave I n p u t  

10 Hz rtr 10% 

20 f 1.0 db 

1200/109hr 

3.5 l b  

4x5x2.5 i n .  

50 vac ,  2400 Hz, 1 w 

F i g .  4.2-8 B i t  Demodulator Characteristics 

To s/c 
Data S t o r a g e  
Subsys t e m  
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1 T a b l e  4.2-3 Spacecraft-Mounted F l i g h t  Capsule  Suppor t  Equipment Weight,  Power, 
\ 

and Volume Summary 

R e p l a c e a b l e  Assembly 
S i z e  
( i n . )  

Radio assembly 

C/B r e c e i v e r  1 
SL/CB r e c e i v e r  2 
ESP r e c e i v e r  1 
ESP r e c e i v e r  2 
D i p l e x e r  (2) 
Antenna s w i t c h  
C/B b i t  demodula tor  1 
SL/CB b i t  demodulator 2 
ESP b i t  demodulator 1 
ESP b i t  demodulator 2 
S/ L beacon t r a n s m i t t e r  
Cab les  
S t r u c t u r e  

T o t a l  assembly 

Medium g a i n  a n t e n n a  assembly 

Antenna and c o u p l e r  
Cab les  

T o t a l  assembly 

4 X 5 X 2  
4 X 5 X 2  
4 X 5 X 2  
4 X 5 X 2  
4 X 5 X 4  

2.2 x 2 x 1 
4 x 5 x 2.5 
4 x 5 x 2.5 
4 x 5 x 2.5 
4 x 5 x 2.5 
4 X 5 X 3  
132 -- 

40 x 30 x 7 
144 

-- 

12 x 16 b a s e  
p l a t e  
( t y p i c a l )  

Antenna and c o u p l e r  
Cab les  

T o t a l  assembly 

24 d i a  x 7 
144 

-- 

I Low-gain a n t e n n a  assembly 

TOTAL s u p p o r t  equipment I -- 

1.9 
1.9 
1 .9  
1.9 
1.2 
0.4 
3.5 
3.5 
3.5 
3.5 
2.25 
1.65 
5.4 

32.5 

8.5 
1.8 
10.3 

4 .O 
1.8 
5.8 

48.6 

Power 
(w) 

1 .o 
1 .o 
1 .o 
1 .o -- 
-- 

1 .o 
1 .o 
1 .o 
1 .o 

10 .o 
-- 
-- 

18.0 max 

18 .O max 

System 
Supported 

C/ B 
C / B ,  S/L 
E SP 
E SP 
E /B ,  ESP, S/L 
C / B ,  ESP, S/L 
C/B 

E SP 
E SP 

C / B ,  ESP, S/L 

C / B j  S/L 

s/ L 

C / B ,  ESP, S/L 
C / B ,  ESP, S/L 

C / B ,  ESP, S/L 
C / B ,  ESP, S/L 
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wi th  the pass ive  antenna and coupler .  

c a l  d e f e c t  i n  the antenna o r  i t s  p r i n t e d  c i r c u i t  ( s t r i p l i n e )  coupler ,  and i s  

This f a i l u r e  mode i s  caus’ed by a mechani- 

h ighly  u n l i k e l y .  I f  one antenna f a i l s  t o  deploy, then,  i n  most cases, the  o t h e r  

antenna can be used f o r  the  mission. I n  t h i s  case, f o r  some missions,  it may be 

necessary t o  s e l e c t  an  a l t e r n a t i v e  landing s i t e .  

4.2.7 I n t e r f a c e  Descr ip t ion  - The Spacecraft-mounted F l i g h t  Capsule suppor t  
equipment e l e c t r i c a l  i n t e r f a c e s  f o r  Capsule Bus, Entry Science Package, and Sur-  

face  Laboratory suppor t  are ind ica t ed  i n  Table 4.2-4. I t  was assumed t h a t  the  

r a d i o  assembly w i l l  be de l ive red  t o  the  Spacecraf t  con t r ac to r  as an  i n t e g r a t e d  

assembly and w i l l  be mounted i n  one Spacecraf t  thermal compartment. 

F i g .  4.2-9 shows the  l o c a t i o n  of the  two boom-mounted antennas on an  a 

assumed Voyager Spacec ra f t .  The prelaunch adjustment  r equ i r ed  i n  terms of space- 

c r a f t  cone and c lock  angles  i s  a l s o  i n d i c a t e d .  The weight and s i z e  of the  two 

antenna assemblies  are ind ica t ed  i n  Table 4.2-4.  

t o  ope ra t e  i n  the e x t e r n a l  space environment. 

4.3 Se lec t ion  of the  P re fe r r ed  Approach 

These two antennas were designed 

The r a t i o n a l e  f o r  the  s e l e c t i o n  of the p re fe r r ed  Spacecraft-mounted F l i g h t  

Capsule support  equipment (SMFCSE) f o r  Entry Science Package (ESP) support  consid-  1 
ers mission c o n s t r a i n t s ,  ESP des ign ,  s e l e c t i o n  of design parameters ,  and redundancy 

a l t e r n a t i v e s .  

Derived Requirements There must be communication with the  Entry Science 

Package from blackout  (V = 3,000 f p s )  through touchdown. The frequency? d a t a  

ra te ,  and modulation have been der ived  i n  paragraph 3.4 (400 MHZ, 50 K b i t s / s e c ,  

frequency sh i f t - keyed .  The p r e f e r r e d  ESP communication subsystem conf igu ra t ion  

t ransmi ts  two f requencies  f and f wi th  opposi te- sense c i r c u l a r  p o l a r i z a t i o n .  

The SMFCSE must a l s o  r ece ive  d a t a  from r e l a y  l i n k s  i n  the  Capsule Bus and Surface 

Laboratory a f t e r  touchdown To ta l  weight of the Spacecraf t-mounted F l i g h t  Capsule 

support  equipment must be wi th in  50 l b .  

n 

3 4’ 

The volume, mounting a r e a  and t o t a l  antenna weight r equ i r ed  on the  Spacecraf t  

would be p r o h i b i t i v e  i f  t h ree  antenna systems were used.  Therefore,  a s i n g l e  

i n t e g r a t e d  antenna system i s  s e l e c t e d  t o  suppor t  a l l  r e l a y  l i n k s  f o r  the p re fe r r ed  

design.  R e l i a b i l i t y  of t h e  Capsule Bus, Ent ry  Science Package and Surface  

to ry  i s  a f f e c t e d  only s l i g h t l y  because the  antenna f a i l u r e  rates are low. 

Labora- 
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Table 4.2-4 E l e c t r i c a l  I n t e r f a c e s  of Spacecraft-Mounted F l i g h t  Capsule Support Equipment 

Spacecraf t  t e lemet ry  sub- 
sy s  tern 

sys  t e m  

SJC da t a  s t o r age  sub- 
system 

Opera t iona l  suppor t  
equipment 

SIC command & sequencer 
subsys t e m  

I 

I n t e r f a c e  Type 

Measurements 

Data 

Radiated RF power 

Switched 

Data 

Cont ro l  

Tes t  po in t s  - 
d i r e c t  access  con- 
nec t o r  

Command 

Descr ip t ion  

Antenna switch p o s i t i o n s  
C / B  r ece ive r  1 signal s t r e n g t h  
SL/CB r e c e i v e r  2 s i g n a l  s t r e n g t h  
C / B  demodulator 1 in- lock 
SLICB demodulator 2 in- lock  
ESP r ece ive r  1 s i g n a l  s t r e n g t h  
ESP r ece ive r  2 s i g n a l  s t r e n g t h  
ESP demodulator 1 in- lock  
ESP demodulator 2 in- lock  
Compar tmen t temperature 
S/L t r ansmi t t e r  r e f l e c t e d  power 
S/L t r a n s m i t t e r  power output  

C / B  demodulator 1 - 3.6k b i t s / s e c  
NRZ da t a  p lu s  c lock  

SL/CB demodulator 2 - 3.6k b i t s /  
sec, NRZ d a t a  p lu s  c lock  

f = 405 MHz, nominal, r i g h t  
5 
c i r c u l a r  p o l a r i z a t i o n  

l i n e s  
50 vac , 2400 Hz, two redundant 

ESP demodulator 1, 50k b i t s l s e c ,  

ESP demodulator 2 ,  50k bi ts lsec,  

ESP demondulator 1 - in- lock  

ESP demodulator 2 - in- lock 

NRZ da t a  p lu s  c lock  

NRZ da t a  p lu s  c lock  

s i g n a l  

s i g n a l  

A l l  non-RF inpu t  and output  s i g -  
n a l s  f o r  f a u l t  i s o l a t i o n  t o  the  
r ep l aceab l e  assembly l e v e l ;  
test  poin ts  i s o l a t e d  from in-  
t e r n a l  c i r c u i t s  

Low gain antenna deployment 
Medium gain antenna deployment 
Antenna s e l e c t i o n  

Sys t e m  
Supported 

C/B ,  ESP, S/L 
C / B  
C / B  , SIL 
C/B 
C D ,  SIL 
ESP 
ESP 
ESP 
ESP 
C/B ,  ESP, S/L 
S I L  
SIL 

C / B  

ESP, CJP, SJL 

ESP 

ESP 

ESP 

ESP 

C I B ,  ESP, S/L 

C/B,  ESP, S/L 
C / B ,  ESP, S/L 
C I B ,  ESP, SIL 
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A s i m p l e  and r e l i a b l e  d a t a - i n t e r f a c e  wi th  the  Spacecraf t  is  d e s i r e d  a long  ) 
with  maximum use of the Spacecraf t  c a p a b i l i t i e s  t o  suppor t  the Entry Science 

Package mission.  The d a t a  i n t e r f a c e  between the Spacecraf t  d a t a  s to rage  sub-  

system and the SMFCSE f o r  Entry Science Package suppor t  r equ i r e s  a s to rage  

capac i ty  of  2 x lo7 b i t s  wi th  an  input  rate of 50 K b i t s / s e c  f o r  both redundant 

ESP channels .  This i s  compatible wi th  c a p a b i l i t i e s  of the  Spacecraf t  d a t a  

s to rage  subsys tem . 
Design Parameter Se l ec t ion  

Body-fixed an tennas)  r a t h e r  than complex a r t i c u l a t e d  t r ack ing  antennas,  were 

s e l e c t e d  co provide the r equ i r ed  coverage f o r  the SMFCSE. The s e l e c t e d  antenna 

must provide ga in  t o  maintain an adequate l i n k  performance margin wi th  reasonable 

t r a n s m i t t e r  power ou tpu t  l e v e l s .  This  i s  e s p e c i a l l y  t r u e  f o r  the Entry Science 

Package h igh- ra t e  d a t a  t r a n s m i t t e r s .  The two f ixed  antennas s e l e c t e d  provide the 

coverage f o r  a l l  F l i g h t  Capsule t r a j e c t o r i e s  wi th  s u f f i c i e n t  gain t o  l i m i t  the 

t r a n s m i t t e r  power of a l l  l i n k s .  The antenna choice i s  a compromise between s impl ic-  

i t y )  gain and weight (see paragraph 4.4).  Only one antenna w i l l  p rovide  coverage 

f o r  a given mission.  This antenna w i l l  be s e l e c t e d  i n  advance by an Earth-com- 
i 

,I manded switch . 
A conserva t ive  va lue  of: system noise  temperature,  Te, i s  used i n  the communi- 

c a t i o n s  des ign  c o n t r o l  t a b l e  s ince  some of the  no i se  sources a r e  v a r i a b l e .  Galac- 

t i c  no i se ,  Mars su r f ace  temperature,  the  Sun, and the  r e c e i v e r  a l l  c o n t r i b u t e  t o  

Te. The e f f e c t i v e  noise  temperature of a r a d i o  source i s  r e l a t e d  t o  the  s o l i d  

angle  subtended by the source a t  the r e c e i v i n g  antenna and i t s  beamwidth. The 

no i se  c o n t r i b u t i o n  from the Sun a t  400 MHz i s  about  1 0 ° K  and from Mars about  

270%. The Galactic n o i s e  c o n t r i b u t i o n s  a t  400 MHz are about  3 0 ° K .  The s e l e c t e d  

r ece ive r  c o n t r i b u t e s  4 3 5 ° K  t o  t he  system n o i s e  temperature.  Solar  a c t i v i t y  and 

o the r  v a r i a b l e s  w i l l  i n c r e a s e  the  n o i s e  c o n t r i b u t i o n s  above t h i s  t o t a l  of 7 4 5 ° K .  

A t o t a l  worst- case no i se  temperature of 1 0 0 0 ° K  a l lows a d d i t i o n a l  degradat ion of 

about  255'K f o r  s o l a r  a c t i v i t y  and o t h e r  v a r i a b l e s .  

The Entry Science Package r e l a y  equipment i n  the Spacecraf t  may be of two 

b a s i c  con f igu ra t ions  : nondemodulating r e p e a t e r  o r  demodulating r e p e a t e r .  Be- 

cause the Spacecraf t  communication subsystem cannot handle the 50 K b i t s / s e c  da t a  

rate i n  real t i m e ,  a t ape  s t o r a g e  i s  r equ i r ed  i n  e i t h e r  r epea t e r  con f igu ra t ion .  

The s e l e c t e d  des ign  f o r  the  Entry Science Package suppor t  equipment i s  the demodu- 

l a t i n g  r e p e a t e r  u s ing  the Spacecraf t  d i g i t a l  d a t a  s t o r a g e  subsys tern f o r  t a p e  " 1  
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s t o r a g e .  This choice makes maximum use  of the  Spacecraf t  c a p a b i l i t i e s ,  r e q u i r e s  

a simple d i g i t a l  i n t e r f a c e  with the  Spacecraf t  d a t a  s torage  subsystem, and mini-  

mizes the time requi red  t o  t ransmi t  the d a t a  t o  Ea r th .  

Redundancy A l t e r n a t i v e s  - To insu re  t h a t  no s i n g l e  f a i l u r e  of an a c t i v e  e l e -  

ment causes a Category I mission f a i l u r e ,  two on- l ine  Entry Science Package 

channels ope ra t ing  from one of two s e l e c t a b l e  antennas i s  the  p re fe r r ed  conf igu-  

r a t i o n .  

the redundant system over the non-redundant system i s  5.4 l b .  

4 .4  Trade Study Summaries 

The weight pena l ty  i n  the Entry Science Package support  equipment f o r  

4.4.1 Demodulator o r  Repeater Modes f o r  Spacecraft-Mounted Entry Science Package 
Relay Link Terminal 

The purpose of t h i s  t rade  s tudy w a s  t o  determine appropr i a t e  modes of d a t a  proc-  

es s ing  f o r  t he  d a t a  rece ived  from the  Entry Science Package (ESP) a t  the  r e l a y  

l i n k  i n t e r f a c e  on-board the Spacec ra f t .  The s tudy w a s  based on: 

1) The l e v e l  of demodulation p re fe r r ed  on-board the Spacecraf t  before  the 

d a t a  i s  s t o r e d  and then re layed  on t o  Ear th  

Whether o r  n o t  t o  incorpora te  some form of on-board processing t o  t ake  

advantage of t he  s i g n a l  d i v e r s i t y  e x i s t i n g  i n  t he  ESP-to-Spacecraf t l i n k  

or  r e l a y  enough information t o  permit f u r t h e r  da t a  processing on Earth.  

Several  Spacecraft-mounted da t a  handl ing conf igura t ions  were considered.  

2 )  

These b a s i c  con f igu ra t ions  were (1) simple r epea t e r  r equ i r ing  only down-conversion 

of the received mark and space tones ,  (2)  p a r t i a l  demodulation r equ i r ing  only  de-  

t e c t i o n  of the rece ived  mark and space tones ,  and ( 3 )  complete demodulation of the 

Entry Science Package s i g n a l  inc luding  b i t  synchroniza t ion .  These conf igu ra t ions  

were compared assuming f ixed  mission c o n s t r a i n t s  (given below) and a p re fe r r ed  

conf igura t ion  w a s  s e l e c t e d  on t h e  b a s i s  of f e a s i b i l i t y  and s i m p l i c i t y .  It i s  

recommended t h a t  the Entry Science Package d a t a  be completely demodulated on- 

board the Spacecraf t ,  both redundant up l ink  channels be s t o r e d  on sepa ra t e  tape 

recorders  a t  50 K b i t s / s e c  i n  the Spacecraf t  d a t a  s to rage  subsystem, and both 

redundant da t a  streams be independently re layed  t o  Ear th .  

The f ixed  mission c o n s t r a i n t s  t h a t  were assumed f o r  t h i s  s tudy  are as fol lows:  

The ESP-to-Spacecraft d a t a  l i n k  i s  composed of two redundant frequency sh i f t- keyed  

channels ope ra t ing  a t  a da t a  r a t e  of 50 K b i t s l s e c  and c lock  r a t e  of 100 K b i t s /  

s e c  s p l i t  phase. Frequency d i v e r s i t y  i s  inhe ren t  between the two up l ink  channels 

due to  a nominal c e n t e r  frequency d i f f e r e n t i a l  between the u p l i n k  redundant 

t r a n s m i t t e r s .  Storage c a p a b i l i t y  on-board the Spacecraf t  i s  composed of  s e v e r a l  
) 
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\ * I  d i g i t a l  t a p e  machines capable of i n d i v i d u a l l y  s t o r i n g  a t o t a l  of l o8  b i t s / r e c o r d e r .  

The Spacecraf t- to- Ear th  r e l a y  l i n k  ope ra t e s  a t  a b i t  r a t e  of 7.2 K b i t s / s e c  wi th  an 
3 average b i t  e r r o r  r a t e  less  than  1 i n  10 . The d a t a  c o l l e c t i o n  period over  t h e  

ESP-to-Spacecraft r e l a y  l i n k  i s  a t  most 400 s e c  inc lud ing  120 sec immediately a f -  

t e r  touchdown. 

Since t h e  minimum Entry Science Package i n p u t  d a t a  rate i s  50 K b i t s / s e c ,  

t ape  recorders  a r e  used t o  compress t h e  Entry Science Package d a t a  bandwidth t o  

match the  Spacecraf t- to- Ear th  downlink c a p a b i l i t y .  Analysis of t h e  simple r e -  

p e a t e r  con f igu ra t ion  i n d i c a t e s  t h a t  complete ESP d a t a  recovery r equ i r e s  nominally 

20 h r .  The p a r t i a l  demodulation conf igu ra t ion ,  which preserves  amplitude informa- 

t i o n ,  permits recovery of both redundant up l inks  i n  10 h r ,  and i f  amplitude i n f o r -  

mation i s  d e l e t e d ,  5 h r  i s  r equ i r ed .  However, i f  b i t  synchroniza t ion  i s  der ived ,  

t h e  d i g i t a l  i n t e r f a c e  between t h e  ESP upl ink  r e c e i v e r  and t h e  Spacecraf t  i s  g r e a t -  

l y  s imp l i f i ed .  Re t r i eva l  of t h e  Entry Science d a t a  using the  l a t t e r  con f igu ra t ion  

can be accomplished i n  1 .6  h r ,  s i g n i f i c a n t l y  l e s s  t i m e  than  any of t h e  o the r  ap-  

proaches. Therefore,  complete demodulation i s  ind ica t ed .  

When b i t  synchroniza t ion  i s  recovered i n  both redundant channels ,  t h e  recon- 

/I s t r u c t e d  50 K b i t s l s e c  d a t a  s t ream from channels  can be recorded on s e p a r a t e  t ape  

machines. 
7 

The t o t a l  acquired d a t a  ( 4  x 10 b i t s )  could be s t o r e d  on a s i n g l e  

m u l t i p l e  t r a c k  recorder ,  however, us ing  two r eco rde r s  i s  more r e l i a b l e .  A simple 

mechanization of s e l e c t i o n  d i v e r s i t y  onboard t h e  Spacecraf t  can be performed by 

observing t h e  lock  i n d i c a t o r s  i n  t he  b i t  synchronizers .  

Another form of  d i v e r s i t y  processing onboard t h e  Spacecraf t  being considered 

i s  equal-gain d i v e r s i t y .  This  mechanization w i l l  permit f u l l  u s e  of t h e  frequency 

d i v e r s i t y  i nhe ren t  i n  t h e  two upl ink channels .  Unless t h i s  processing i s  accom- 

pl i shed  before  hard l i m i t i n g  (as i n  t h e  b i t  d e t e c t o r )  some frequency d i v e r s i t y  

information i s  l o s t .  

However, f u r t h e r  a n a l y s i s  is  requi red  t o  a s c e r t a i n  t h e  ga in  d i f f e r e n t i a l  be- 

tween equal-gain d i v e r s i t y  and s i m p l e  s e l e c t i o n  d i v e r s i t y  i n  t h e  presence of Ric ian  

d i s t r i b u t e d  fad ing  environments.  

4.4.2 Radio Relay Link Antenna Studies  

The r e l a y  l i n k  antenna s t u d i e s  inc lude  a cons ide ra t ion  of t h e  Spacecraf t-  

mounted F l i g h t  Capsule support  antennas. The Spacecraf t  antennas a r e  used f o r  

r ece iv ing  s e v e r a l  d i s t i n c t  t e l eme t ry  s i g n a l s  during t h e  F l i g h t  Capsule descent  
1 
i through touchdown plus one minute. They a r e  a l s o  used as r ece iv ing  antennas f o r  
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Surface Laboratory te lemet ry  dur ing  subsequent con tac t  per iods i n  t h e  post- land-  

ing phase. During t h i s  l a t t e r  phase, the  antennas w i l l  a l s o  t ransmi t  a Spacecraf t-  

to-Surface Laboratory beacon s i g n a l .  This m u l t i p l e  usage i s  achieved by po la r i za-  

t i o n  d ip lex ing  i n  t h e  antennas, combined with frequency channel separa t ion .  

For high r e l i a b i l i t y ,  t he  Spacecraf t  antennas should be f i x e d  with no i n - f l i g h t  

s t e e r i n g  requi red .  

j u s t e d  before  launch, but  they  w i l l  remain f i x e d  t h e r e a f t e r .  

s i nce  the  optimum bores igh t  d i r e c t i o n s  are a func t ion  of t h e  F l i g h t  C a p s u l e  land-  

ing  d a t e  and Spacecraf t  o r b i t  i n c l i n a t i o n  due t o  t h e  varying r e l a t i o n s h i p s  between 

Mars and t h e  Sun-Canopus veh ic l e  a t t i t u d e  r e fe rence .  Table 4.4-1 i n d i c a t e s  the  

range of i n s t a l l a t i o n  a d j u s t a b i l i t y  t o  be provided. 

Mounting w i l l  be such t h a t  t he  bores ight  d i r e c t i o n s  can be ad- 

This i s  necessary,  

Table 4.4-1 I n s t a l l a t i o n  A d j u s t a b i l i t y  Range 

Landing 
Date 

2 / 2 / 7 4  

2 / 2 / 7 4  

3 /24 /74  

31241 74 

2 / 2 / 7 4  

2 / 2 / 7 4  

3 /24 /74  

3 /24 /74  

Orb i t  I n c l i n a t i o n  
(deg) 

30 

60 

30 

60 

30 

60  

30 

60 

Spacecraf t  Clock 
Angle (deg) 

2 34 

2 2 2  

2 34 

2 2  7 

2 10 
181 

177 

165 

6 7  

6 2  

93 

88 

128 

113 

139 

110 

Antenna 

Low ga in  

Low ga in  

Low ga in  

Low gain 

Medium gain  

Medium ga in  

Medium ga in  

Medium gain 

A number of t r a j e c t o r i e s ,  spanning t h e  range of a l l  poss ib l e  descent  t r a j e c  

t o r i e s ,  were s tud ied  t o  determine antenna ga in  requirements f o r  t h e  descent telem- 

e t r y .  A t r a c e  showing aspec t  angle  and requi red  ga in  throughout t he  descent  was 

p l o t t e d  f o r  each of t hese  t r a j e c t o r i e s .  Most t r a j e c t o r i e s  were covered by a s i n -  

gle-medium-gain e l l i p t i c a l - b e a m  antenna having i t s  wide-beam dimension i n  t he  

o r b i t a l  plane.  The remaining t r a j e c t o r i e s  were covered by a low-gain c i r c u l a r -  

beam antenna. The bores ight  of t h e s e  two antennas a r e  a func t ion  of t he  Capsule 

landing da t e  and Spacecraf t  o r b i t .  They w i l l  be separa ted  by about 65 deg i n  t h e  

o r b i t a l  plane.  One of t h e  two antennas w i l l  be s e l e c t a b l e  by a radio- frequency 

switch upon command from the  ground. One antenna w i l l  a l s o  be s e l e c t e d  f o r  t h e  

post- land phase of t h e  mission. The c o n s t r a i n t s  r e s u l t i n g  from these  s t u d i e s  a r e  

l i s t e d  i n  Table 4.4-2 
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Tab le  4.4-2 Radio Relay L i n k  Antenna C o n s t r a i n t s  

Parameter  

Frequency (MHz) 

No. of p o r t s  

Bandwidth (MHz) 

3-db beamwidth (deg) 

Gain o v e r  3 db beamwidth (dbi)  

P o l a r i z a t i o n  

Low Gain Antenna 

400 

2 

40 

130 

+2, minumum 

RC. LC 

Medium Gain Antenna 

400 

2 

40 

55 x 130 

+5, minimum 

RC, LC 

A number of c a n d i d a t e s  f o r  t h e  low-gain an tenna  are examined, i n c l u d i n g  t h e  

cup h e l i x ,  t h e  cav i ty- backed  c r o s s e d  s l o t ,  t h e  curved d i p o l e  t u r n s t i l e ,  and t h e  

a n g u l a r  s l o t .  

c a n d i d a t e s ,  and v a r i o u s  c o n f i g u r a t i o n s  of d i p o l e s .  These were a l l  e v a l u a t e d  

a g a i n s t  t h e  requ i rements  l i s t e d  i n  T a b l e  4.4-2 and compared on t h e  b a s i s  of weight ,  

Medium-gain an tennas  c o n s i d e r e d  were s m a l l  a r r a y s  of t h e  low-gain 

complex i ty ,  proven s p a c e  use ,  and s e n s i t i v i t y  t o  t h e  environment.  

Gain p a t t e r n s  w i t h  i s o l a t e d  small ground p l a n e s  are used i n  t h e s e  comparisons.  

It i s  proposed t o  mount t h e  S p a c e c r a f t  an tennas  on a boom, s o  t h e  e f f e c t s  of t h e  

c r a f t  w i l l  be  minimized and t h e  p a t t e r n  w i l l  c l o s e l y  approximate  t h e  i s o l a t e d  an-  

t e n n a  p a t t e r n s .  

Gain  p a t t e r n  i s  s e l e c t e d  as t h e  most impor tan t  of t h e  comparison parameters. 
3 

For  t h e  low-gain  a p p l i c a t i o n ,  t h e  cav i ty- backed  c r o s s e d  s l o t ,  w i t h  a g a i n  o v e r  

130 deg of 4-2.0 d b i  minimum, i s  t h e  o n l y  c a n d i d a t e  t h a t  meets t h e  c o n s t r a i n t s .  

The second b e s t  p a t t e r n  i s  g i v e n  by t h e  cup d i p o l e  t u r n s t i l e  w i t h  0 d b i  o v e r  120 

deg.  

somewhat h e a v i e r  and l a r g e r  t h a n  t h e  c u p  d i p o l e  t u r n s t i l e .  

F l i g h t  C a p s u l e  an tennas  s u p p o r t s  t h i s  s e l e c t i o n .  

The cav i ty- backed  c r o s s e d  s l o t  was s e l e c t e d  on t h i s  b a s i s ,  a l though  i t  i s  

Commonality wi th  t h e  

An a r r a y  of two cav i ty- backed  s l o t s  w i t h  h a l f  wave s p a c i n g  was s e l e c t e d  f o r  

t h e  medium-gain an tenna ,  a g a i n ,  because  i t s  g a i n  p a t t e r n  most c l o s e l y  approximates  

t h e  d e s i r e d  p a t t e r n .  I t s  + 5-db g a i n  p a t t e r n  i s  55 x 130 deg. 
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) APPENDIX 

1. ENVIRONMENTAL REQUIREMENTS 

1.1 General 

The p red i c t ed  n a t u r a l  and induced environmental c o n d i t i o n s  t o  which t h e  Voy- 

age r  equipment w i l l  be exposed a r e  descr ibed  i n  Table  A- 1.  

w i l l  be designed t o  wi ths tand  and ope ra t e  dur ing  o r  a f t e r  exposure t o  t h e  a p p l i -  

cab le  environments.  

1 .2  Temperature 

A l l  Voyager equipment 

The s t r u c t u r e s  and equipment w i l l  be designed t o  r e l i a b l y  withstand without  

f a i l u r e  t h e  minimum and maximum ope ra t i ng  and nonoperat ing temperature  l i m i t s  a s  

def ined  i n  Table  A-2 dur ing  a l l  mission phases .  The thermal  c o n t r o l  ope ra t i ng  

l i m i t s  a r e  based on t h e  a b i l i t y  of t h e  thermal  c o n t r o l  system being designed t o  

a c t i v e l y  o r  pa s s ive ly  c o n t r o l  t h e  equipment w i th in  t h e  des ign  q u a l i f i c a t i o n  l i m i t s .  

These temperature  t a b l e s  provide f o r  a 25'F ope ra t i ng  margin w i t h i n  t h e  minimum 

and maximum ope ra t i ng  l i m i t s .  

10°F ope ra t i ng  margin i s  used. 

posed t o  much wider ranges of temperature  extremes and w i l l  be thermal ly  con- 

t r o l l e d  a s  r equ i r ed  t o  ope ra t e  w i th in  t h e  des ign  q u a l i f i c a t i o n  thermal l i m i t s .  

I n  some c a s e s ,  s t a t e - o f - t h e- a r t  l i m i t a t i o n s  on t h e  thermal  ope ra t i ng  range of 

equipment such a s  power subsystem b a t t e r i e s  w i l l  r e q u i r e  a dev i a t i on  from t h e s e  

thermal  c o n t r o l  margins. 

1.3 Acoust ics  

When a c t i v e  thermal c o n t r o l  methods a r e  used,  a 

Externa l  equipment exposed t o  space w i l l  be ex- 

Acoust ics  p r e d i c t i o n s  a r e  based on boos te r  e x c i t a t i o n  sound p re s su re  l e v e l s  

a t  l i f t - o f f  from e a r t h ,  aerodynamic e x c i t a t i o n  dur ing  Mach 1 - Max Q reg ions  of 

f l i g h t ,  and e n t r y .  

v e h i c l e  dur ing  t h e  va r ious  phases  of t h e  mission were: 

Methods of p r e d i c t i n g  t h e  expected no i se  environments of t h e  

1) Predic ted  LM Acoustic Environments dur ing  AS-206, 208, and 210 L i f t o f f  

and Transonic  F l i g h t .  TIR 580-S-7007. ASD, General E l e c t r i c ,  Houston, 

Texas 

2) S p e c i f i c a t i o n  SID 64-1344A. North American Avia t ion ,  Inc  Acoust ic  Envi-  

ronments dur ing  Booster Engine Operat ion Transonic  Buffeting; and Maximum 

Aerodynamic Pressure  

3 )  Saturn  V Payload Planners  Guide, SM-47274. Douglas A i r c r a f t  Corporat ion 
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4 )  The development and v e r i f i c a t i o n  o f  t h e  v i b r a t i o n  r e q u i r e m e n t s  f o r  t h e  

Apol lo  Block I Command and S e r v i c e  Modules and a d a p t e r  

5) M a r t i n  M a r i e t t a  a c o u s t i c  and v i b r a t i o n  p r e d i c t i o n  t e c h n i q u e s  based on 

t h e o r e t i c a l  and measured n o i s e  env i ronments  a t  l a u n c h  and d u r i n g  f l i g h t  

f o r  T i t a n  programs 

6 )  Var ious  r e p o r t s  i n  t h e  a e r o s p a c e  i n d u s t r y  d e a l i n g  w i t h  p r e d i c t i o n  of 

a c o u s t i c  environments  . 
F i g u r e s  A- 1  t h r u  A- 4  p r e s e n t  t h e  maximum p r e d i c t e d  n o i s e  l e v e l s  a s  t h e y  a f f e c t  

t h e  v e h i c l e  d u r i n g  t h e  v a r i o u s  phases  o f  f l i g h t .  

1 .4 V i b r a t i o n  

V i b r a t i o n ,  e i t h e r  a c o u s t i c a l l y  e x c i t e d  o r  produced by d i r e c t  mechanical  t r a n s -  

miss-ion t h r o u g h  t h e  s t r u c t u r e  due t o  a n  o p e r a t i n g  p r o p u l s i o n  e n g i n e ,  h a s  a p a r t  i n  

d e f i n i n g  t h e  s p e c i f i c a t i o n s  f o r  equipment d e s i g n  and t e s t  purposes .  Conven t iona l  

p r e d i c t i o n  t e c h n i q u e s ,  and compar isons  w i t h  o t h e r  space  programs have been used 

i n  t h e  d e r i v a t i o n  of  t h e  p r e l i m i n a r y  random v i b r a t i o n  s p e c i f i c a t i o n s .  

t o  t h e  r e f e r e n c e  m a t e r i a l  l i s t e d  i n  p a r a g r a p h  1.3, a d d i t i o n a l  v i b r a t i o n  source  

I n  a d d i t i o n  

i n f o r m a t i o n  was used .  

1) Lunar Module V i b r a t i o n  Environment.  Uni ted  S t a t e s  Government Memorandum 1 
PD5/M144-16.2 

2)  R e s u l t s  of  LM-1 V i b r a t i o n  T e s t s .  Grumman A i r c r a f t  E n g i n e e r i n g  C o r p o r a t i o n  

LTR- 941 -11001 

3) V i b r a t i o n  Test  I n f o r m a t i o n  Monopropel lant  Rocket Engine  Assembl ies .  TRW 

Systems 4701.G7.MDPO-5. 

V e h i c l e  m a t e r i a l s  we igh t  and s t r u c t u r a l  c o n s i d e r a t i o n s  have been c o n s i d e r e d  

i n  e s t a b l i s h i n g  t h e  random v i b r a t i o n  s p e c i f i c a t i o n s  shown i n  F i g .  A-5 t h r u  A- 8  

f o r  t h e  v a r i o u s  phases  of  t h e  m i s s i o n .  The exposure  t i m e s  were determined from 

p r e d i c t e d  m i s s i o n  phase  d u r a t i o n s .  

e s t a b l i s h e d  a t  f i v e  t imes t h e  a c t u a l  f l i g h t  exposure  t i m e .  The f l i g h t  a p p r o v a l  

t e s t  d u r a t i o n s  a r e  e s t a b l i s h e d  a t  one and one- ha l f  t imes t h e  f l i g h t  exposure  t i m e .  

1 . 5  Shock 

The q u a l i f i c a t i o n  a p p r o v a l  t e s t  d u r a t i o n s  a r e  

When t h e  P l a n e t a r y  V e h i c l e  nose  and shroud f a i r i n g s ,  s t e r i l i z a t i o n  c a n i s t e r ,  

and the rmal  b a r r i e r  a r e  s e p a r a t e d  by mild d e t o n a t i n g  f u s e s ,  t h e  shock e x c i t a t i o n  

produces  an e q u i v a l e n t  maximum a b s o l u t e  r e s p o n s e  (Fig .  A- 9 ) .  A t  a l l  o t h e r  times, 

t h e  shock source  e x c i t a t i o n s  a r e  p y r o t e c h n i c  s q u i b s  t h a t  produce a n  e q u i v a l e n t  

maximum a b s o l u t e  r e s p o n s e  ( F i g ,  A- 1 0 ) .  These shock response  spect rums a r e  t y p i -  'j 

c a l  of shocks  occas ioned  by t h e  u s e  of  ordnance d e v i c e s  t o  a c t u a t e  v a l v e s ,  
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i s e p a r a t e  f a s t e n i n g s ,  o r  e jec t  equipment.  These shock p r e d i c t i o n s  a r e  based on 

e x t e n s i v e  c o n t r a c t o r  t e s t i n g  o f  t h e  T i t a n s  and t h e  shock r e s p o n s e  a n a l y s e s  of 

t e s t  d a t a .  T i t a n  program shock t e s t i n g  h a s  shown t h a t  t h e  use  of shock spectrum 

t o  s p e c i f y  shock t e s t i n g  r a t h e r  t h a n  t h e  i n p u t  p u l s e  shape i s  p r e f e r a b l e  because:  

1) It c o r r e l a t e s  w i t h  t h e  t h e o r y  o f  damage 

2) It i s  e a s i e r  t o  d e f i n e  t o l e r a n c e  l i m i t s ,  f a c i l i t a t i n g  t h e  check ing  of p e r-  

formance and s p e c i f i c a t i o n s  

3)  A c t u a l  service c o n d i t i q n s  can be reproduced ;  t h i s  v e r s a t i l i t y  has  an  i m -  

p o r t a n t  b e a r i n g  on t e s t  economy 

4 )  It a l l o w s  more l a t i t u d e  t o  t h e  equipment s u p p l i e r  because  any p r a c t i c a l  

shock t e s t i n g  machine c a n  be used t o  produce t h e  same shock spectrum,  

A t  p r e s e n t  we have chosen t o  s p e c i f y  t h e  maximum a b s o l u t e  response  of 2400 g a s  

t h e  p r e l i m i n a r y  s p e c i f i c a t i o n  f o r  a l l  equipment because  t h e r e  a r e  many shock d e-  

vices  and t h e y  a r e  widespread i n  t h e  v e h i c l e .  

comes f i n a l i z e d ,  i n c l u d i n g  e x a c t  d i s t a n c e s  from shock s o u r c e  d e v i c e s  and t h e  mate- 

r i a l  th rough  which t h e  shock wave i s  p ropaga ted ,  t h e  s p e c i f i c  shock response  l e v e l s  

of some equipment may be d e c r e a s e d .  

A s  c o n f i g u r a t i o n  d e f i n i t i o n  be- 

1 1 . 6  Other Environments 

Ascent p r e s s u r e  environment ,  magnet ics ,  Voyager r a d i a t i o n  environment,  Voyager 

meteoroid  environment ,  Mars a tmospher ic  winds ,  Mars a tmospher ic  p r o p e r t i e s ,  E a r t h  

magnet ic  f i e l d ,  e l e c t r i c a l  c o n d u c t i v e  g a s e s ,  Mars s u r f a c e  c o n d i t i o n s  and c h a r a c-  

t e r i s t i c s ,  e l e m e n t a l  compos i t ion ,  Mars s u r f a c e  p h y s i c a l  c o n s t a n t s  a r e  a s  s t a t e d  i n  

SE003BB002-2A21 (Voyager Capsule  Systems C o n s t r a i n t s  and Requirements Document, 

R e v i s i o n  2 )  and SE003BB001-1B28 (Voyager Environmental  P r e d i c t i o n s  Document). 

R a d i a t i o n  l i m i t s  a s s o c i a t e d  w i t h  t h e  RTG and meteoro id  p r o b a b i l i t y  f i g u r e s  shown 

i n  Tab le  A - 1  were determined by Mar t in  M a r i e t t a .  

1 . 7  Environmental  Desipn Requirements f o r  Voyager Ground Equipment 

These environments  were e s t a b l i s h e d  u s i n g  t h e  f o l l o w i n g  r e f e r e n c e s :  

1) C l i m a t i c  Extremes f o r  M i l i t a r y  Equipment. MIL-STD-210A 

2) T e r r e s t r i a l  Environment (Cl imat ic )  C r i t e r i a  G u i d e l i n e s  f o r  Use i n  Space 

V e h i c l e  Development. NASA TMI-53328, 1966 R e v i s i o n  

M i l i t a r y  Standard Environmental  T e s t  Methods f o r  Aerospace and Ground 

Equipment. MIL-STD-810A (US@) 

3) 

A d d i t i o n a l  e x p e r i e n c e  i n  t h e  a r e a s  o f  ground equipment and f a c i l i t i e s  d e s i g n  was 

added by M a r t i n  M a r i e t t a .  

ments f o r  Voyager ground equipment.  

T a b l e  A-3  d e f i n e s  t h e  environmental  d e s i g n  r e q u i r e -  
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F l a t  25 t o  500 cps a t  0.03 gL /Oc tave  
Roll-Off below 25 cps  a t  6 db/Octave 
Roll-Off above 500 cps  a t  3 db/Octave 

For Q u a l i f i c a t i o n  Approval 
Ove ra l l  = 5.94 gRMS 
Exposure: 416 sec  
T e s t  Durat ion:  2080 sec/Axis  

For F l i g h t  Approval - Above down 6 db 
Ove ra l l  = 2.97 gRMS 
Test Durat ion:  624 sec/Axis 

t 

10 25 50 100 200 400 600 1000 2000 3000 

Frequency (cps)  

F ig .  A-7 Random Vib ra t i on  S p e c i f i c a t i o n ,  Voyager F l i g h t  Capsule- and/or  
Spacecraft-Mounted Equipment, I n t e r p l a n e t a r y  T rans fe r  and a 
Cru i se ,  J e t t i s o n  S t e r i l i z a t i o n  C a n i s t e r ,  Mars O r b i t  I n s e r t i o n  1 

and Trim, and P re sepa ra t i on  Spacecraf t  Checkout Phases 

MARTIN MARRIE-A GQRPQRArIQN 
D E N V E R  D I V I S I O N  
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Fig. A-9 Pyrotechnic Shock Spectra  S p e c i f i c a t i o n  and Normalized Spectrum 
f o r  Voyager F l i g h t  Capsule a t  Time When Mild Detonat ing Fuses 
a r e  I g n i t e d  dur ing  t h e  Mission 

1 .o 

- Note: Shock spectrum ampli tude a t  4000 
cps  i s  2400 g peak w i t h i n  1 f t  
o f  t h e  ordnance squ ibs  a t  deto-  

Frequency (cps) 

Fig.  A-10 Pyrotechnic Shock Spectra  S p e c i f i c a t i o n  and Normalized Spectrum 
f o r  Voyager F l i g h t  Capsule a t  Times when Ordnance Squibs are 
Detonated dur ing  t h e  Mission 

3 
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i 

t r a n s p o r t a t l o "  

HISSION PHASE 

ENVIRONMENT 

Time 

Temperature 

I \ece lera t lo"  

Acous t ics  

Vibra t ion  

Shack 

Humidity 

Vacuum 
(Al t  L tude)  

Elec t romagnet ic  
I n t e r f e r e n c e  

Radia t ion  

Meteoroids 

Ionized  
Gas Sheath 
( E l e c t r i L a l  
Conductive 
Gases) 

Winds 

prepared  by t h e  c o n t r a c t o r  

N I A  

G R O W  W L I N G ,  =Is- 
PORTATION. STORAGE, HAW- 

DLING 

and approved by JPL. 

R'K - 1. Maxlmum whole body d o s e  limr 
Rem13 months 

NONDPEPATING 

N I A  

N I A  

N I A  

Transpor ta t ion :  35 to 
160'F 

S torage :  35 t o  160'F 
Handl ihg: 
S t e r i l i z a t i o n  assy,  fev- 

e l  t y p e  
Approval: 6  c y c l e s  t o  
275-F for  76 h r l c y c l e  

N I A  

N I A  

Handling - 2 g 

The c o n t r o l  of e1ectromann 

- 
PRELAUNCH POST-CLEAN-RW 
OPEBAlTONS, PLANETARY Ve- 
HICLE OPEBATIONS, LAUNCH 

PAD OPEBATIONS 

SUBSYSTEM, SYSTEM CHECK- 

Environmental s h e l t e r  con 
t r o l l e d  to w i t h i n  60 t o  
80°F 

MIA 

N I A  

As normal ly  handled, a l l  
equipment m u s t  wi ths tand  
a l l  v i b r a t i o n  encountered 
L" prelaunch i n s t a l l a t i o n  
servicing, and checkout 

1 R e l a t i v e  t h e  s h e l t e r  environmental must humidity be con- in 

t r o l l e d  t o  a maximum 
of 40%. 

sea Level 

LAUNCH BOO 
PLANETARY 

SEPABA 

HONOPEI 

I h r  

Aerodynamis 
Shroud on 

rate f r o  
Spacecra 
w l e q  f t  

Shroud o f f  
Aerodyna 
must be 

Component ' 
ment - S 
e t a r y  cri 

Long i t udin 
SIC Burn 

L a t e r a l  1 
T e s t  Req 7 
162 db Max 

d u r i n g  T 
Leaving 
t o  Shrou 

150 db Max 
I n t e r n a l  

T e s t  Req 1 

See Fig .  A 

The predic  
b r a t i a n  s p  
t h e  Voyage 
sule-Mount 
(A) Launel 

For Q 
pro"= 
O"era 
For F 
Over'= 
See F 

(B) Pos t  
i n t o  
Qual L 
a1 
OWXa 
For F 
O W r a  
See F 

Max p r e d i c  
2400 g peal 
t h e  peak 0% 

cps. Equl 
0.4 ms, ha 
p u t .  see 

sec 

TBS 

The assume 
p r e s s u r e  e, 
erenced in 

N I A  

N I A  

N I A  
I 

N I A  ] N I A  



INTERPLANETARY CRUISE AC- 
QUISITION, CRUISE, TRA- 
JECTORY CORRECTION, AR- 

RIVAL DATA SET 

IliROUGH 
HlCLE 
u 

JETTISON STERILIZATION- ORBIT INSERTION (MARS) PRESEPARATION SPACECRAFT SEPARATE FLIGIW 
CANISTER ORBIT TRIM CHECKOUT CAPSULE 

?a t in%:  
aximwn h e a t  
hroud t o  
nust be 40 

Yaxzmum 
Heat Rate 

t Require- 
2 w/rq f t  

In terp lan-  
e 

NONOPERATING 

225 Days - Maximum 
During i n t e r p l a n e t a r y  
cruise F l i g h t  Capsule 
equipment temperatures w i l l  

5.6 g a t  

I I OPERATING OPEBATING NONOPERATING NONOPERATING 

N/A 30 Days 2.6 h r  I NIA 

Solar r a d i a t i o n  - Johnson's 
curve i n t e g r a t e d  i n t e n s i t y  
49.5 WlftZ t o  53 w / f t =  

D A l l  Axes 

c 50 sec 
sonic F l i g h t  
th  Externa l  

c 50 sec 
Shroud 

db f o r  250 

thru  4 

random VI- 
f i c a t l o n  for 
t i g h t  Cap- 
equipment 1 5 :  

Transonkc 
I f i c a t r o n  Ap- 

= 1 1 . 7  g m s  
h t  Approval 
= 5.85 g rms 

"sonic L Burn 
t h  Orbi t  For 
a t i o n  Appmv- 

A- 5  

= 1.88 g rms 

= 0.94 g rms 
h t  A P D ~ O V ~ I ~  

A-6 

l e v e l  IS 
esponre with 
rrtng a t  2000 
e n t  t o  1500 g 
Sine pulse  I" . A- 1 1  

t o  49.5 w/f tL  dependent 
upon sun - v e h i c l e  d is tance .  
Deep space r a d i a t i o n  sink 
of -460'F. 
Component t e s t  requirement 
see Table A-2. 

Elaxmum p i t c h  r a t e  w i l l  no t  
exceed 5 deglsec  dur ing  
t h r u s t ,  c o a s t ,  or t u r n  pe- 
rrods 

N / A  

The predic ted  random VI- 
bra t ion  s p e c i f i c a t i o n s  f o r  
F l i g h t  Capsule-Mounted 

ominal ascent  
ronment is re1 
ragraph 1.6 

N I A  

bame as I n t e r p l a n e t a r y  
Cruise 

are 1250 

e n t e r i n g  e l e e -  
a l l  n a t u r a l  
ed 1011 . Origina l  
l t i p l i e d  by 

s 0.0133 
0.001 

Exposure t o  r a d i a t i o n  from 
the  following: the  following: 
1. Van Allen Bel t  I. G a l a c t i c  cosmic 
2. Solar  f l a r e  4 2. Solar  f l a r e  
3. Galac t ic  cosmic 
4. Solar wind 4 .  Magnetically trapped 
5. Auroral 5. RTG 
6. RTG 

Exposure t o  r a d i a t i o n  from 

3. Solar  wind 

Meteoroid Shie ld ing  C r i t e r i a  - I . *  The p r o b a b i l i t y  of c a t a s t r o p h i c  
m i s s m n  f a i l u r e  due t o  meteoroid 
penet ra t ion  must not  exceed: 
a )  1 m 10,000 

b) 3 in 1,000 on Mars sur face .  

- ~ _ _  2." The p r o b a b i l i t y  of damage t o  equip- 
ment ("oncatastrophic) must not 
exceed 3 in 1,000 

i z a t i o n  due t o  meteoroid penet ra-  
t i o n  must not exceed 14 in 1,000,000. 
The mathematical models used t o  de- 
termine the  p r o b a b i l i t y  of penetra-  
t i o n  are referenced in paragraph 1.6. 

3 . ' ~  The p r o b a b i l i t y  of l o s s  of s t e r i l -  

The e l e c t r i c a l  conductive 

Component t e s t  requirement 
- see I n t e r p l a n e t a r y  Cruise. 

NIA 

Same as I n t e r p l a n e t a r y  
Cruise 

N / A  

N I A  

N I A  

Same as i n t e r p l a n e t a r y  
cruise 

Same as launch boost 

NIA 

N / A  

The predic ted  random \ 

b r a t i o n  level f o r  equi 
ment mounted on or ad 
jacent  t o  t h e  ACS t h r i  
er nozzles 1s: 
For Q u a l i f i c a t i o n  APPI 
Overall  = 12.7 g rms 
For F l i g h t  Aporoval 
Overall  = 6.35 g m5 
See Fig. A- 8 
The v i b r a t i o n  l e v e l  01 
t h e  remainder of t h e  
F l i g h t  Capsule IS insi 
*if 1cant I 

Maximum predic ted  levt 
response with t h e  peal 
ring a t  4000 cps. Eqt 
1500-g, 0.2 m s  h a l f - s  
put.  See Fig. A-12 

N / A  

10 - l~  t o r r  o r  less 

gases environment and de- 

enced ~n paragraph 1.6 
slgn e r l t e r l a  are r e f e r -  

MAR I I N  MA R8C-A CORPORA TION 
D E N V E R  D I V I S I O N  



I DEORBIT FLIGm CAPSULE SURFACE LANDING 

OPERATING 

N I A  

OPERATING 

Approximately 9.5 h r  

SURFACE ENVIRONMENTS 

OPERATING 

-- SO h r  

The p r e d i c t e d  random v i b r a t i o n  l e v e l s  
are: 
1. For  equipment on o r  a d j a c e n t  t o  t h e  

ACS t h r u s t e r  nozz les ,  same as s t a t e  
under S e p a r a t e  F l i g h t  Capsu le .  
For equ,pment mounted on o r  a d l a c e n  
t o  t h e  d e o r b i t  p r o p u l s i o n  nozzles. 
For Q u a l r f i c a t r o n  Approval  
Overall = 12 .7  g rm5 
For F l i g h t  Approval 
O v e r a l l  = 6 .35  g m s  
See Fig. A-9 

Capsu le  o t h e r  than  a t  t h e  d e o r b i t  
engine t T U S S .  

For Q u a l i f i c a t i o n  Approval 
O v e r a l l  = 1.88 g rms 
For F l i g h t  Approval 
Overall = 0.94 g m5 See F i g .  A-6 

2. 

3. For equipment mounted an t h e  F l i g h t  

1 0 - l ~  or less 

DESCEm THROUGH ATMOSPHERE 

OPERATING 

10.8 min 

(ars e n t r y  aerodynamic h e a t i n g  vafues 
*re d e s c r i b e d  in paragraph  2.4-2 
h a p a n e n t  t e s t  r equ i rement  see I n t e r -  
, l a n e t a r y  C r u l s e  

The Mars a tmospher ic  p r e s -  
sure vs a l t i t u d e  1s (ma- 
t e r i a l  to  be  added) 

r e s t  requirement:  22.5 g a l l  axes 

N I A  N I A  
* 

Equal t o  less than  l aunch  b o a s t  phase 

N / A  

I .  The a c o n s t i c  e x c i t e d  v i b r a t i o n  
caused  by e n t e r . n g  t h e  Mars atmos-  
phere  a t  a high  v e l o c i t y  c r e a t e s  a 
p r e d i c t e d  random v i b r a t i o n  l e v e l  f o r  
equipment mounted on t h e  F l i g h t  Cap- 
s u l e :  
For Q u a l l f l c a t i o n  Approval  
O v e r a l l  = 11.7 g m s  
For F lxxh t  Approval 

See Fig .  A-5 
2. The p redzc ted  random vibration l e v e l  

f o r  equipment mounted on 01- a d j a c e n t  
t o  t h e  vernier p r o p u l s i o n  nozzles 
1s: 
For Q u a l i f i c a t i o n  Approval 

For F l lKht  Approval 
Overall = 6.35 g m s  See Fig .  A-10 

O v e r a l l  = 5.85 g rmils 

O v e r a l l  = 12.7 g m5 

N / A  

3 2400 g 
gel occur- 
l e n t  t o  a D 
3ulse l"- 

Mars a tmospher ic  winds a r e  r e f e r e n c e d  zn p r r a g r a p h  1 .6  

N I A  

N I A  

each  a x i s  2400 g response  wi th  t h e  peak 
l e v e l  occurring a t  4000 cps .  
Equ iva len t  t o  1500 g. 0.2 ms 
h a l f - s i n e  p u l s e  I n p u t .  See 
Fig. A-12 

Tu be s u p p l i e d  

Refe r  t o  t h e  a tmospher ic  models 
referenced ~n paragraph  1.6 

E x p o ~ u r e  t o  r a d i a t i o n  from t h e  f o l l o w i n g  sources: 
1. G a l a c t i c  Cosmic 

2. Solar f l a r e  
3. S u r f a c e  c o r p u s c u l a r  
4 .  RTG 



As packaged f o r  shipment,  N / A  
a l l  equipment must be 
p r o t e c t e d  from f u n g i  o r  
be fungus r e s i s t a n t  be- 

N / A  

N / A  N / A  

PRELAUNCH POST-CLEAN-ROOM 
OPERATIONS, PLANETARY VE- 
HICLE OPERATIONS, LAUNCH 

PAD OPERATIONS 

SUBSYSTEM. SYSTEM CHECK- 

GROUND HANDLING, TRANS- 
PORTATION, STORAGE, WAN- 

DLING 

NONOPERATING 

A s  packaged f o r  shipment, 
a l l  equipment must wi th-  
s t a n d  exposure t o  graded 
wind-blown sand and d u s t .  
A t  KSC. Equivalent  t o  
exposure f o r  6 h r  i n  a 
sand and d u s t  chamber a s  
d e s c r i b e d  i n  MIL-STD-81OA 
o r  NASA equiva len t  
(Ref NASA TMX-53328) 

A s  packaged f o r  shipment, 
a l l  equipment must with-  
s t a n d  exposure to  s a l t  
f o g  f o r  168 h r  a s  de- 
s c r i b e d  i n  MIL-STD-810A, 
Method 509 and NASA TMX- 
53328 

M a t e r i a l s  t h a t  a r e  sus- 
c e p t i b l e  to d e t e r i o r a -  
t i o n  when exposed t o  

LAUNCH BOOST THROUGH 
PLANETARY VEHICLE 

SEPARATION 

NONOPERATING 

N / A  

MSSION PHASE 

ENVIRONMENT 

Sand h Dust 

S a l t  Fog 

C l a s s  100 c l e a n  room a t -  
mosphere 

N/  A N / A  

Sunrhine 

Atmospheric 
P r o p e r t i e s  

sunshine must n o t  be 9 

i 

N I A  

used i n  the  des ign  of 
t h e  F l i g h t  Capsule 

N/ A A s  packaged f o r  shipment, 
a l l  equipment must wi th-  
s tand  r a i n  a s  normally en-  
countered  a t  KSC (Ref 
NASA TMX-53328) 

Ear th  atmosphere descr ibed  
by t h e  U.S. Standard A t -  
mosphere, 1962 

N / A  N I A  The Ear th  and near -  
Ear th  magnetic f i e l d  
i s  re fe renced  i n  para-  
graph 1.6 

F i e l d  

Albedo N / A  N / A  Ear th  i n t e g r a t e d  a lbedo  
i s  assumed t o  be .36. 
Ear th  black-body assumed 
temperature is 450OR. 

Contaminat ion 
h Corrosion t- N / A  N / A  Contamination of t h e  p la  

ou tgass ing  and smoking o 
a c t u a t o r s  and s e p a r a t i o n  
loosened contaminants w i  
Capsule and i t s  s t e r i l i z  
i b l e  with o r  p r o t e c t e d  f 

N / A  N / A  Sur faces  r e q u i r i n g  de- 
contamination w i l l  be  
exposed t o  12% ET0 and 
88'7 Freon 12. (JPL 
Spec Vol-50503 - ETS) 

N I A  The F l i g h t  Capsule and a l l  i t s  p a r t s  must be e l e c t r i  
bonded t o  t h e  Spacecraf t  and t o  t h e  launch v e h i c l e ,  
t h e  Spacecraf t  t o  prec lude  accumulation of s t a t i c  ch 

Charge 

The equipment must n o t  
cause  i g n i t i o n  of an 

f o r e  s t e r i l i z a t i o n .  

N / A  
Condit ions h 

Induced 
Magnetics 

" a  The induced magnetic en-  
vironment i s  re fe renced  
in paragraph 1.6 

N / A  I N / A  1 1  h r  
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Table A-1 (concl) 

PRESEPARATION SPACECRAFT SEPARATE FI 

V I A  

N f  A I N’A 

NIA NIA N/ A 

NIA NIA NIA 

The f i e l d  s t rength  of 
the  in terplanetary  mag- 
ne t i c  f i e l d  ranges from 
0 t o  20 g m a s  depend- 
ing on so l a r  ac t i v i t y .  
I n  the  v i c i n i t y  of 1 ; O  
AU, it averages about 5 
gamnas. A maximum up- 
per  l i m i t  may be as high 
as 100 gamnas. 

NIA 

ry vehic le  may r e s u l t  from 
? f a i r i ng ,  from pyrotechnic 

NIA NIA NIA N I  A NIA 

rhe Mars albedo is r e f-  
erenced i n  paragraph 1.6 

NIA 

NIA 

?vices,  o r  from vibra t ion-  
tn the  f a i r i ng .  The Fl ight  
ton can i s t e r  w i l l  be comoat- 

NIA N I A  NIA N I A  

NIA NIA N /A N !A 

P __ 

I I N / A  225  days - maximum I N/A 30 days 2.6 h r  

MARrIN MARIETTA 00RPORATJON 
D E N V E R  D I V I S I O N  



DEORBIT F L I G K I  CAPSULE t OPERATING 

SURFACE LANDING 

OPERATING 

N / A  

SURFACE ENVIRONMENTS 

OPERATING 

DESCENT THROUGH 
ATMOSPHERE 

OPERATING 

N I A  N I A  N / A  

N / A  N / A  N /A 

N / A  

Atmospherlc Models (pars 
1 .6 )  w i l l  be used 
i. F l i g h t  Capsule 

~ 

P a r t i c a l  s i z e  rang ing  from 1 t o  1000 microns 
a s  blown by Mars winds .  

N /A 

N/A 

N I A  N I A  N I A  

N /A The Mars s u r f a c e  c o n d i t i o n s  & c h a r a c t e r i s t i c  
a r e  re ferenced  i n  paragraph 1 . 6  

See  sand & dust  

* 

~~ ~ 

3 

I I approximately 9 . 5  h r  10.8  min N / A  50 h r  
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Table  A-2 Env inmental Design Requirements f o r  Voyager Ground Eauipment .~ 
(1) Open Areas 
(2) Roofed by Un- 

wal led  Areas 

She l t e r ed  Areas 
Enclosed by 

Roof & Walls 

Opera t ing  

a)  Kennedy Space 
Center:  

Maximum - 105'F 
Minimum - 25'F 

Maximum - 105'F 
Minimum - 25'F 

b) Denver: 

c) World-wide 
(DSIF) : 

TBS 

Transpor t a t i on ,  
S to rage ,  Handling 

Nonoperating 

A l l  equipment must 
wi ths tand tempera- 
t u r e s  of -35 t o  
160 OF 

Locat ion  iir Conditioned Areas 

Opera t ing  

(1)a) Kennedy Space 
Center:  

Maximum - 160'F 
Minimum - 25'F 

Kaximum - 160'F 
Minimum - -25'F 

TBS 

(2)a)  Kennedy Space 
Center: 

b) Denver: 

c )  World-wide (DSIF) : 

Maximum - 105'F 
Minimum - 25'F 

Maximum - 105'F 
Maximum - -25'F 

TBS 

b) Denver: 

c) World-wide (DSIF) : 

R e l a t i v e  Humidity: 
100% Maximum 

0% Minimum 

)pe ra t ing  

jurrounding a i r  t e m -  
) e r a t u r e  con t ro l l ed  

Maximum - 90°F* 
Minimum - 40°F 

IO : 

Environment 

Temperature 

Humidi t y A s  packaged f o r  
shipment,  a l l  equip  
ment must wi ths tand 
from 0 t o  100% r e l a  
t i v e  humidity w i th  
condensation 

Lelative Humidity: 
90% Maximum 
10% Minimum 

R e l a t i v e  Humidity: 
100% Maximum 

0% Minimum 

Pres su re  
(A l t i t ude )  

Maximum - 15.4  p s i  
(-1300 f t )  

Minimum - 1 .68  p s i  
(50,000 f t )  

Maximum - 15 .4  p s i  
(1300 f t  below 
sea l e v e l )  

(18,000 f t  above 
sea  l eve l )*  

Minimum - 7 .1  p s i  

Maximum - 15.4 p s i  
(1300 f t  below 
sea l e v e l )  

(18,000 f t  above 
sea l eve l )*  

Minimum - 7 . 1  p s i  

laximum - 15.4  p s i  
(1300 f t  below 
sea l e v e l )  

linimum - 7 .1  p s i  
(18,000 f t  above 
sea l eve l )*  

V ib ra t ion  J /A NIA N/A A s  packaged f o r  
shipment,  a l l  equip 
ment must wi ths tand 
v i b r a t i o n  normally 
encountered i n  
s tandard  t r anspor-  
t a t i o n  

A s  packaged f o r  
shipment, a l l  equip 
ment must wi ths tand 
v i b r a t i o n  normally 
encountered i n  
s tandard  t r anspor-  
t a t i o n  

N /A 

TBS 

Shock 

CBS TBS 

N /A 

N/A 
A s  packaged f o r  
shipment,  a l l  equiF 
ment must withstand 
exposure t o  s a l t  fc  
f o r  168 h r  a s  de- 
sc r ibed  i n  MIL-STD- 
810, Method 509 & 
ammended by NASA 
TMX - 53 3 2 8 

Acoust ics  

S a l t  Fog 
_______ 

Equivalent t o  exposure t o  
s a l t  fog f o r  168 h r  a s  de- 
sc r ibed  i n  MIL-STD 810 & 
ammended by NASA TMX-53328. 
(Nonoperating) 

t ture  may need t o  be r a i s e d .  *Where necessary  t o  s a t i s f y  requirements o f  c e r t a i n  equipment, t h i s  minimum tempei 
?Where necessary t o  s a t i s f y  requirements of c e r t a i n  equipment, these  l i m i t s  may r equ i r e  c l o s e r  c o n t r o l .  
+Where necessary  t o  s a t i s f y  requirements  o f  c e r t a i n  equipment, t h i s  a l t i t u d e  l i m i t a t i o n  may be reduced. 
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A-16 

N/A 

FR-22-103 Vol Iv  Sec t  I 

1)  Ma te r i a l s  must wi th-  
s tand sunshine .  

2) N/A 

:oncl) 

She1 t e r ed  Areas 
Enclosed by 

Roof & Walls 

Opera t ing  

Table  A-2 

(1) Open Areas 
(2) Roofed bu t  Un- 

walled Areas 

Operating 

1) Equivalent t o  r a in-  
f a l l  o f  7 i n . / h r  f o r  
2 h r  a s  descr ibed i n  
MIL-STD-810 & ammended 
by MIL-STD-21OA. (Non- 
ope ra t ing )  

2) N/A 

Transpora t ion  
Storage ,  Handling 

Nonoperating 

A s  packaged f o r  
shipment, a l l  equip- 
ment must wi ths tand 
r a i n f a l l  o f  7 i n . /  
h r  f o r  2 h r  a s  de- 
sc r ibed  i n  MIL-STD 
810 & ammended by 
MIL -STD-2 10A 

iir Conditioned Areas Locat ion  

Environment 

Rain 

h e r a  t i n e  

N /A YfA 

N /A Fungus A s  packaged f o r  
shipment, a l l  equip.  
ment must wi ths tand 
exposure t o  fungus 
equ iva l en t  t o  28 
days i n  a fungus 
chamber a s  de- 
sc r ibed  i n  MIL-STD- 
810 & NASA TMX- 
53328 

Equivalent  t o  28 days n a fungus chamber (nonoper- 
a t ing )  a s  descr ibed i n  MIL-STD-810 & NASA TMX-53328 

Sand & Dust A s  packaged f o r  
shipment, a l l  
equipment must 
wi ths tand ex- 
posure t o  sand & 
dus t  a s  descr ibed 
i n  MLL-STD-2 10A 

N /A NIA Equivalent t o  exposure t o  
sand & d u s t  a s  descr ibed 
i n  MIL-STD-21OA (nonoper- 
a t ing )  

N f A  N /A Explosive 
A tmos phere 

Sunshine Unpackaged mate- 
r i a l s  must wi th-  
s tand sunshine 

N /A 

E lec t  ro- 
magnetic 
I n t e r f e r e n c  

N f A  The equipment must not malfunction nor show out- of- to lerance  cond i t i ons  
a s  a r e s u l t  o f  i n t e r n a l  o r  e x t e r n a l  e lec t romagnet ic  i n t e r f e r e n c e .  
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